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DATA CLASSIFICATION 


Product Preview 

This heading on a data sheet indicates that the device is in the formative 
stages or in design (under development). The disclaimer at the bottom of 
the first page reads: "This document contains information on a product 
under development. Motorola reserves the right to change or discontinue 
this product without notice." 

Advance Information 

This heading on a data sheet indicates that the device is in sampling, 
preproduction, or first production stages. The disclaimer at the bottom of 
the first page reads: "This document contains information on a new product. 
Specifications and information herein are subject to change without notice." 

Fully Released 

A fully released data sheet contains neither a classification heading nor a 
disclaimer at the bottom of the first page. This document contains infor- 
mation on a product in full production. Guaranteed limits will not be changed 
without written notice to your local Motorola Semiconductor Sales Office. 


BurstRAM, DSPRAM, ParityRAM, and QuickRAM are trademarks of Motorola, Inc. 
SPARC is a trademark of Sun Microsystems. 
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Motorola has developed a broad range of reliable memories for virtually any digital 
data processing system application. Complete specifications for the individual circuits 
are provided in the form of data sheets. In addition, a selector guide is included to 
simplify the task of choosing the best combination of circuits for optimum system 
architecture. 

New Motorola memories are being introduced continually. For the latest 
releases, and additional technical information or pricing, contact your nearest 
authorized Motorola distributor or Motorola sales office. 


Motorola reserves the right to make changes without further notice to any products herein to improve reliability, 
function or design. Motorola does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
Motorola products are not designed, intended, or authorized for use as components in systems intended for 
surgical implant into the body, or other applications intended to support or sustain life, or for any other application 
in which the failure of the Motorola product could create a situation where personal injury or death may occur. 
Should Buyer purchase or use Motorola products for any such unintended or unauthorized application. Buyer 
shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless 
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, 
any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim 
alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are 
registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/ Affirmative Action Employer. 
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ALPHANUMERIC INDEX 


Device Number 

Organization 

Address Access 
/Cycle Time 

MCM60L256A-C 

32K x 8 

100 ns 

MCM60L256A-V 

32K x 8 

100 ns 

MCM2018A 

2Kx 8 

35/45/55 ns 

MCM3264 

64K x 32 

20/25/30 ns 

MCM4180 

4K x 4 

18/20/25 ns 

MCM6205 

32K x 9 

15/17/20/25/35 ns 

MCM6205C 

32K x 9 

15/17/20/25/35 ns 

MCM6206 

32K x 8 

15/1 7/20/25/35 ns 

MCM6206C 

32K x 8 

15/17/20/25/35 ns 

MCM6207 

256K x 1 

15/20/25 ns 

MCM6207C 

256K x 1 

10/12 ns 

MCM62L07 

256K x 1 

20/25/35 ns 

MCM6208 

64K x 4 

15/20/25 ns 

MCM6208C 

64K x 4 

15,20,25 ns 

MCM62L08 

64K x 4 

20/25/35 ns 

MCM6209 

64Kx4 

15/20/25 ns 

MCM6209C 

64K x 4 

15,20,25 ns 

MCM62L09 

64K x 4 

20/25/35 ns 

MCM6226 

1 28K x 8 

25/30 ns 

MCM6226A 

1 28K x 8 

20/25/30 ns 

MCM6229 

256 K x 4 

25/30 ns 

MCM6229A 

256 K x 4 

20/25/30 ns 

MCM6246 

512K x 8 

25/30/35 ns 

MCM6249 

1M x 4 

25/30/35 ns 

MCM6264 

8K x 8 

15/20/25/35 ns 

MCM6264C 

8K x 8 

12/15/20/25/35 ns 

MCM6265 

8K X 9 

15/20/25 ns 

MCM6265C 

8Kx 9 

12/15/20/25/35 ns 

MCM6268 

4K x 4 

20/25/35/45/55 ns 

MCM6269 

4K x 4 

25/35 ns 

MCM6270 

4K x 4 

20/25/35 ns 

MCM6287 

64K x 1 

12/15/20/25/35 ns 

MCM6288 

16K x 4 

12/15 ns 

MCM6288B 

16K x 4 

20/25/35 ns 

MCM6288C 

16K x 4 

12/15/20/25/35 ns 

MCM6290 

16K x 4 

12/15 ns 

MCM6290B 

16K x 4 

20/25/35 ns 

MCM6290C 

16K x 4 

10/12/15/20/25/35 ns 

MCM6293 

16K x 4 

20/25 ns 

MCM6294 

16K x 4 

20/25 ns 

MCM6295 

16K x 4 

25/35 ns 

MCM6706 

32K x 8 

10/12 ns 




5-102 

5-108 

5-114 


5-120 



5-156 

5-162 

5-168 


Output Enable 

5-174 

Output Enable 

5-156 

Output Enable 

5-180 

Synchronous, Output Registers 

7-13 

Synchronous, Output Registers, Output Enable 

7-23 

Synchronous, Output Enable 

7-32 

BiCMOS 

5-186 



















































































































































































ALPHANUMERIC INDEX (Continued) 


Device Number 

Organization 

Address Access 
/Cycle Time 

Comments 

Page 

MCM6706A 

32K x8 

8/1 2 ns 

BiCMOS 

5-192 

MCM6708 

64K x4 

10/12 ns 

BiCMOS 

5-198 


MCM6708A 

MCM6709 

MCM6709A 

MCM6726 

MCM6727 

MCM6728 

MCM6729 

MCM8256 

MCM32100 

MCM32130 

MCM32200 

MCM32230 

MCM32256 

MCM32257 

MCM3251 2 

MCM36100 

MCM36200 

MCM36232 

MCM36256 

MCM3651 2 

MCM40100 

MCM40200 

MCM40256 

MCM4051 2 

MCM54100A 

MCM54100A-C 

MCM54101A " 

MCM54102A 

MCM54170B 

MCM5L4170B 

MCM5V4170B 

MCM54190B 

MCM5L4190B 

MCM5V4190B 

MCM54260B 

MCM5L4260B 

MCM5V4260B 

MCM54280B 

MCM5L4280B 

MCM5V4280B 


64Kx4 

10/12 ns 

BiCMOS 

5-204 

64K x 4 

10/12 ns 

BiCMOS, Output Enable 

5-198 

64K x 4 

12/15 ns 

BiCMOS, Output Enable 

5-204 

256K X 4 

10/12 ns 

BiCMOS 

5-210 

1M x 1 

10/12 ns 

BiCMOS 

5-215 

256K x 4 

10/12 ns 

BiCMOS 

5-220 


256Kx 4 

10/12 ns 

256K x 8 

20/25/30 ns 

1Mx32 

80/100 ns 

1M x 32 

70/80/100 ns 

2Mx32 

80/100 ns 

2Mx32 

70/80/100 ns 

256K x 32 

70/80/100 ns 

256K x 32 

20/25 ns 

512KX32 

70/80/100 ns 

1MX36 

80/100 ns 

2Mx36 

80/100 ns 

2 x 32K x 36 

15/20 ns 

256K x 36 

70/80/100 ns 

512KX36 

70/80/100 ns 

1M x 40 

70/80/100 ns 

2Mx40 

70/80/100 ns 

256K X 40 

70/80/100 ns 

512K x 40 

70/80/100 ns 

4M x 1 

60/70/80 ns 

4M x 1 

70/80 ns 

4M x 1 

60/70/80 ns 

4M x 1 

60/70/80 ns 

256K x 16 

70/80/100 ns 

256K x 16 

70/80/100 ns 

256K x 16 

70/80/100 ns 

256Kx 18 

70/80/100 ns 

256K x 18 

70/80/100 ns 

256K x 18 

70/80/100 ns 

256K x 16 

70/80/100 ns 

256K x 16 

70/80/100 ns 

256K x 16 

70/80/100 ns 

256Kx 18 

70/80/100 ns 

256K x 18 

70/80/100 ns 


Fast page mode cycle time a 40/45/55 ns 


Low height version of MCM32100 


Fast page mode cycle time = 40/45/55 ns 


Low height version of MCM32200 


Fast page mode cycle time = 40/45/55 ns 


Fast page mode cycle time = 40/45/55 ns 


Fast page mode cycle time = 40/45/55 ns 


Fast page mode cycle time = 40/45/55 ns 


Fast page mode cycle time = 40/45/55 ns 


Fast page mode cycle time = 40/45/55 ns 


Same as MCM36100, for error correction applications 


Same as MCM36200, for error correction applications 


Same as MCM38256, for error correction applications 


Same as MCM36512, for error correction applications 


Fast page mode cycle time = 40/45/55 ns 


Industrial temp range (-40° to +85°C) 


Nibble mode cycle time = 40/40/40 ns 


Static column mode cycle time = 35/40/45 ns 


Fast page mode - 1 CAS, 2 Write Enables 


Battery Backup 


Self Refresh 


Fast page mode - 1 CAS, 2 Write Enables 


Battery Backup 


Self Refresh 


Fast page mode - 2 CAS, 1 Write Enables 


Battery Backup 


Fast page mode - 2 CAS, 1 Write Enables 


Battery Backup 


256K x 18 I 70/80/100 ns 


Self Refresh 


2-88 
























































































































































































































ALPHANUMERIC INDEX (Continued) 


Device Number 

MCM54400A 

MCM54400A-C 

MCM54402A 

MCM54410A 

MCM54800A 

MCM5L4800A 

MCM5V4800A 

MCM54900A 

MCM5L4900A 

MCM5V4900A 

MCM56824 

MCM56824A 

MCM62110 

MCM62157 

MCM62350 

MCM62351 

MCM62486 

MCM62486A 

MCM62820 

MCM62820A 

MCM62940 

MCM62940A 

MCM62950 

MCM62950A 

MCM62960 

MCM62960A 

MCM62963 

MCM62963A 

MCM62973 

MCM62973A 

MCM62974 

MCM62974A 

MCM62975 

MCM62975A 

MCM62980 

MCM62981 

MCM62982 

MCM62983 

MCM62990 

MCM62990A 

MCM62995 

MCM62995A 


Organization 

Address Access 
/Cycle Time 

Comments 

Page 

1M x 4 

60/70/80 ns 

Fast page mode cycle time = 40/45/55 ns 

2-90 

1 M x 4 

70/80 ns 

Industrial temp range (-40°C to +85°C) 

2-111 

1M x 4 

60/70/80 ns 

Static column mode cycle time = 35/40/45 ns 

2-131 

1M x 4 

60/70/80 ns 

Fast page mode cycle time = 45/45/50 ns, Write Per Bit 

2-154 

512K x 8 

70/80/100 ns 

Fast page mode cycle time = 45/50/60 ns 

2-175 

512K x 8 

70/80/100 ns 

Battery Backup 


512K x 8 

70/80/100 ns 

Self Refresh 

2-175 

512K x 9 

70/80/100 ns 

Fast page mode 


512K x 9 

70/80/100 ns 

Battery Backup 


512Kx 9 

70/80/100 ns 

Self Refresh 

2-195 

8K x 24 

25/30/35 ns 

DSPRAM 

7-41 

8Kx 24 

20/25/35 ns 

DSPRAM 

7-49 

32K x 9 

15/17/20 ns 

Synchronous, Dual I/O, Parity Checker 


16K x 16 

15/17/24 ns 

Sparc Cache, Synchronous 

7-66 

4Kx 4 

18/20/25 ns 

Cache Tag, Programmable Match Level 

7-71 

4Kx 4 

18/20/25 ns 

Cache Tag, Programmable Match Level 


32Kx9 

14/19/24 ns 

486 Processor Cache Synchronous BurstRAM 

7-91 

32K x 9 

14/19/24 ns 

486 Processor Cache Synchronous BurstRAM 

7-100 

8Kx 20 

23/30 ns 

Latched Address 

5-230 

8K X 20 

17/23 ns 

Latched Address 

5-236 

32K x 9 

14/19/24 ns 

68040 Cache Synchronous BurstRAM 

7-110 

32K x 9 

14/19/24 ns 

68040 Cache Synchronous BurstRAM 

7-118 

32K x9 

20/25 ns 

RISC-CISC Cache, Synchronous 

7-127 

32K x9 

15/20/25 ns 

RISC-CISC Cache, Synchronous 

7-133 

32K x 9 

17/20/24 ns 

Synchronous, Output Registers 

7-140 

32K x 9 

15/17/24 ns 

Synchronous, Output Registers 

7-146 

4Kx 10 

30 ns 

Synchronous, Output Registers 

7-153 

4Kx 10 

30 ns 

Synchronous, Output Registers 

7-158 

4Kx 12 

18/20 ns 

Synchronous, Output Registers 

7-163 

4Kx 12 

18/20 ns 

Synchronous, Output Registers 

7-168 

4Kx 12 

18/20 ns 

Synchronous, Output Registers, Output Enable 

7-173 

4Kx 12 

18/20 ns 

Synchronous, Output Registers, Output Enable 

7-177 

4Kx 12 

25/30 ns 

Synchronous, Output Enable 

7-181 

4Kx 12 

25/30 ns 

Synchronous, Output Enable 

7-186 

64K x 4 

15/20 ns 

Synchronous 1 Stage Pipeline 

QQUI 

4 x 64K x 1 

15/20 ns 

Parity RAM, Synchronous 1 Stage Pipeline 

WXFTM 

64K x 4 

12/15 ns 

Synchronous, Output Registers, 2 Stage Pipeline 

7-203 

4 x 64K x 1 

12/15 ns 

Parity FtAM, Synch., Output Registers 2 Stage Pipeline 

7-208 

16K x 16 

17/20/25 ns 

Latched Address, Asynchronous 

7-213 

16K x 16 

15/20/25 ns 

Latched Address, Asynchronous 

7-219 

16K x 16 

17/20/25 ns 

Latched Address, Asynchronous 

7-226 

16K x 16 

12/15/20 ns 

Latched Address, Asynchronous 

7-237 














































































































































































































ALPHANUMERIC INDEX (Continued) 


Device Number 

Organization 

Address Access 
/Cycle Time 

Comments 

Page 

MCM62996 

16K x 16 

12/15/20/25 ns 


7-249 

MCM67282 

256 K x 4 

10/12 ns 

BiCMOS 

5-242 

MCM81000 

1M x 8 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns 

3-171 

MCM8L1000 

1M x 8 

70/80/100 ns 

Fast page mode with low power battery backup 

3-171 

MCM81000A 

1M x 8 

70/80/100 ns 

Low cost derivative of MCM81000 

— 


1 M x 8 

70/80/100 ns 

Low cost derivative of MCM8L1000 

— 

BB 

1M x 8 

70/80/100 ns 

Nibble mode cycle time = 35/35/40 ns 

— 

MCM81002 

1M x 8 

70/80/100 ns 

Static column mode cycle time = 40/45/55 ns 

— 


1M x 8 

60/70/80/100 ns 

Two chip derivative of MCM81000S 

3-183 


1M x 8 

60/70/80/100 ns 

Two chip derivative of MCM8L1000S 

3-183 


4M x 8 

80/100 ns 

Fast page mode cycle time = 50/60 ns 

3-195 


4M x 8 

60/70/80/100 ns 


3-207 

MCM8L4000 

4M x 8 

80/100 ns 

Fast page mode with low power battery backup 


MCM84256 

256 K x 8 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns 


MCM8L4256 

256 K x 8 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns, low power 

3-219 

MCM91000 

1M x 9 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns 

3-231 

MCM9L1000 

1M x 9 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns, low power 

3-231 

MCM91000A 

1M x 9 

70/80/100 ns 

Low cost derivative of MCM91000 

— 

MCM9L1000A 

1M x 9 

70/80/100 ns 

Low cost derivative of MCM9L1000 

— 

MCM91001 

1M x 9 

70/80/100 ns 

Nibble mode cycle time = 35/35/40 ns 

— 

MCM91002 

1 M x 9 

70/80/100 ns 

Static column mode cycle time = 40/45/55 ns 

— 

MC M9 1430 

DSH3MI 

70/80/100 ns 

Three chip derivative of MCM91000S 

3-243 

MCM9L1430 


70/80/100 ns 

Three chip derivative of MCM9L1000S 

3-243 

MCM94000 

4M x 9 

80/100 ns 

Fast page mode cycle time = 50/60 ns 

3-255 

MCM9L4000 

4M x 9 

80/100 ns 

Fast page mode cycle time = 50/60 ns, low power 

3-255 

MCM94000A 

4M x 9 

60/70/80/100 ns 

Low height 4Mx9 using MCM54100AN DRAM 


MCM9L4000A 

4M x 9 

60/70/80/100 ns 

Low height 4Mx9 using MCM54100AN DRAM, low power 


MCM94256 

256 K x 9 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns 

EBB 

MCM9L4256 

256 K x 9 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns, low power 


MCM94256A 

256 K x 9 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns 

3-291 

MCM9L4256A 

256 K x 9 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns, low power 

3-291 

MCM101510 

1M x 1 

10/12 ns 

ECL 

7-254 

MCM101514 

1M x 1 

10/12 ns 

ECL 

7-260 

MCM511000A 

1M x 1 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns 

2-197 

MCM51L1000A 

1M x 1 

70/80/100 ns 

Fast page mode with low power battery backup 

2-197 

MCM511000B 

1M x 1 

60 ns 

Fast page mode cycle time = 40 ns 

2-212 

MCM511001A 

1M x 1 

70/80/100 ns 

Nibble mode cycle time = 35/35/40 ns 


MCM511002A 

1M x 1 

70/80/100 ns 

Static column mode cycle time = 40/45/55 ns 

2-242 

MCM514256A 

256 K x 4 

70/80/100 ns 

Fast page mode cycle time = 40/45/55 ns 

2-257 

MCM51L4256A 

256 K x 4 

70/80/100 ns 

Fast page mode with low power battery backup 

2-257 

MCM514256B 

256 K x 4 

60 ns 

Fast page mode cycle time = 40 ns 

2-272 

MCM51L4256B 

256 K x 4 

60 ns 

Fast page mode with low power battery backup 

2-272 

MCM514258A 

256 K x 4 

70/80/100 ns 

Static column mode cycle time = 40/45/55 ns 

2-287 


MOTOROLA MEMORY DATA 



































































































Selector Guide and Cross Reference 


MOTOROLA MEMORY DATA 


1-1 





DYNAMIC RAMs 



Motorola 
Part Number 


IMx 1 MCM511000A-70 


MCM511000A-80 


MCM511000A-10 


MCM511000A-C70 


MCM511000A-C80 


MCM511000A-C10 


MCM51 L1000A-70 


MCM51 L1000A-80 


MCM51 L1000A-10 


MCM51 L1000A-C70 


MCM51 LI 000A-C80 


MCM51 L1000A-C10 


MCM511000B-60 


MCM51 L1000B-60 


MCM511001A-70 


MCM511001A-80 


MCM511001A-10 


MCM51 1002A-70 


MCM51 1 002A-80 


MCM511002A-10 


256Kx 4 I MCM514256A-70 
I MCM51 4256A-80 


MCM514256A-10 


MCM51 4256A-C70 


MCM51 4256A-C80 


MCM514256A-C10 


MCM51 L4256A-70 


MCM51 L4256A-60 


MCM51 L4256A-1 0 


MCM51 L4256A-C70 


MCM51 L4256A-C80 


MCM51 L4256A-C 1 0 


MCM51 4256B-60 


MCM51 L4256B-60 


MC M5 1 4258A-70 


300-Mil DIP 
(Pina) 


Package Information 


100-Mil ZIP 300-Mil SOJ 350-Mil SOJ 


Op Low Ind 

Current Power Temp 
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SELECTOR GUIDE 


DYNAMIC RAMs (Continued) 


Org Motorola 

Part Number 


256Kx16 MCM54170B-70 

MCM541 70B-80 
MCM54170B-10 
MCM5L4 1 70B-70 
MCM5L41 70B-80 
MCM5L4170B-10 
MCM5V4 1 70B-70 
MCM5V4 1 70B-80 
MCM5V4 1 70B-1 0 
MCM54260B-70 
MCM54260B-80 
MCM54260B-10 
MCM5L4260B-70 
MCM5L4260B-80 
MCM5L4260B-1 0 
MCM5V4260B-70 
MCM5V4260B-80 
MCM5V4260B-1 0 


256K x 18 MCM54190B-70 

MCM54190B-80 
MCM54190B-10 
MCM5 L4 1 90B-70 
MCM5L4190B-80 
MCM5L4190B-10 
MCM5V4 1 90B-70 
MCM5 V4 1 90B-80 
MCM5 V4 1 90B-1 0 
MCM54280B-70 
MCM54280B-80 
MCM54280B-10 
MCM5L4280B-70 
MCM5L4280B-80 
MCM5L4280B-1 0 
MCM5V4280B-70 


Package Information 

100-Mil ZIP 
(Pins) 

400-Mil SOJ 
(Pins) 

400-Mil TSOP 
(Pins) 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 

40 

40 

40/44 


Address 

Access 

(ns Max) 


Configuration Battery Seif 
Backup Refresh 

(mA Max) 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


1 CAS, 2 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 


2 CAS, 1 W 
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SELECTOR GUIDE 


DYNAMIC RAM MODULES 


Motorola Part 



Number 

Pin No 

MCM8 1000-70 

30 

MCM8 1000-80 

30 

MCM81000-10 

30 

MCM8L1 000-70 

30 

MCM8L1 000-80 

30 

MCM8L1 000-10 

30 

MCM81000A-70 

30 

MCM81000A-80 

30 

MCM81000A-10 

30 

MCM8 1430-60 

30 

MCM8 1430-70 

30 

MCM81430-80 

30 

MCM8 1430-10 

30 

MC M8L1 000A-70 

30 

MC M8L1 000A-80 

30 

MCM8L1000A-10 

30 

MCM8L1 430-60 

30 

MCM8L1 430-70 

30 

MCM8L1 430-80 

30 

MCM8L1 430-10 

30 

MCM91000-70 

30 

MCM91 000-80 

30 

MCM91000-10 

30 

MCM9L1 000-70 

30 

MCM9L1 000-80 

30 

MCM9L 1000-10 

30 

MCM91000A-70 

30 

MCM91000A-80 

30 

MCM91000A-10 

30 

MCM9 1430-70 

30 

MCM91430-80 

30 

MCM9 1430-10 

30 

MCM9L1 000A-70 

30 

MC M9L1 000A-80 

30 


Package Information 



Address 

Access 

Op 

Current 

(ns Max) 

(mA Max) 

70 

640 

80 

660 

100 

480 

70 

640 

80 

560 

100 

480 

70 

640 

80 

560 

100 

480 

60 

240 

70 

200 

80 

170 

100 

150 

70 

640 

80 

560 

100 

480 

60 

240 

70 

200 

80 

170 

100 

150 

70 

720 

80 

630 

100 

540 

70 

720 

80 

630 

100 

540 

70 

720 

80 

630 

100 

540 

70 

280 

80 

240 

100 

210 

70 

720 

80 

630 
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DYNAMIC RAM MODULES (Continued) 



Motorola Part 
Number 


MC M9L1 OOOA-1 0 


MCM9L1 430-70 


MCM9L1 430-80 


MCM9L1 430-10 


256K x 8 MCM84256-70 

MCM84256-80 
MCM84256-10 
MC M8L4256-70 
MCM8L4256-80 
MCM8L4256-10 


256K x 9 MCM94256-70 

MCM94256-80 
MCM94256-10 
MCM9L4256-70 
MCM9L4256-80 
MCM9L4256-10 
MCM94256A-70 
MCM94256A-80 
MCM94256A-10 
MC M9L4256A-70 
MC M9L4256A-80 
MCM9L4256A-1 0 


MCM84000-80 


MCM84000-10 


MCM8L4000-80 


MCM8L4000-10 


MC M84000 A-60 


MC M84000A-70 


MCM84000A-80 


MCM84000A-10 


MC M8 L4000A-60 


MC M8L4000A-70 


MCM8L4000A-80 


MC M8L4000A-1 0 


Package Information 





Address 

Access 

Op 

Current 

(ns Max) 

(mA Max) 

100 

540 

70 

280 

80 

240 

100 

210 

70 

160 

80 

140 

100 

120 

70 

160 

80 

140 

100 

120 

70 

225 

80 

195 

100 

165 

70 

225 

80 

195 

100 

165 

70 

240 

80 

210 

100 

180 

70 

240 

80 

210 

100 

180 

80 

800 

100 

680 

80 

800 

100 

680 

60 

960 

70 

800 

80 

680 

100 

600 

60 

960 

70 

800 

80 

680 

100 

600 
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SELECTOR GUIDE 


DYNAMIC RAM MODULES (Continued) 


Org 

Motorola Part 
Number 

Pac 

Pin No 

S 

m 

4M x 9 

MCM94000-80 

30 

• 

• 

MCM94000-10 

30 

• 

• 

MCM9L4000-80 

30 

• 

• 

MCM9L4000-10 

30 

• 

• 

MC M94000 A-60 

30 

• 


MCM94000A-70 

30 

• 


MC M94000 A-80 

30 

• 


MCM94000A-10 

30 

• 


MCM9L4000A-60 

30 

• 


MC M9L4000A-70 

30 

• 


MC M9L4000A-80 

30 

• 


MC M9L4000A-1 0 

30 

• 


256K X 32 

MCM32256-70 

72 

• 


MCM32256-80 

72 

• 


MCM32256-10 

72 



MCM32L256-70 

72 

• 


MCM32L256-80 

72 

• 


MCM32L256-10 

72 

• 


512KX32 

MCM325 12-70 

72 

• 


MCM32512-80 

72 

• 


MCM32512-10 

72 

• 


MCM32L512-70 

72 

• 


MCM32L51 2-80 

72 

• 


MCM32L512-10 

72 

• 


1M x 32 

MCM321 00-60 

72 

• 


MCM321 00-10 

72 

• 


MCM32L1 00-80 

72 

• 


MCM32L100-10 

72 

• 


MCM321 30-60 

72 



MCM321 30-70 

72 



MCM321 30-80 

72 



MCM321 30-10 

72 



MCM32L1 30-60 

72 



MCM32L130-70 

72 




Address 

Access 

Op 

Current 

(ns Max) 

(mA Max) 

80 

900 

100 

765 

80 

900 

100 

765 

60 

1080 

70 

900 

80 

765 

100 

675 

60 

1080 

70 

900 

80 

765 

100 

675 

70 

640 

80 

560 

100 

480 

70 

640 

80 

560 

100 

480 

70 

656 

80 

576 

100 

496 

70 

656 

80 

576 

100 

496 

80 

840 

100 

720 

80 

840 

100 

720 

60 

960 

70 

800 

80 

680 

100 

600 

60 

960 

70 

800 
























































































































































SELECTOR GUIDE 


DYNAMIC RAM MODULES (Continued) 


Org 

Motorola Part 
Number 




Pin No 

1M x 32 

MCM32L130-80 

72 

(Cont.) 

MCM32L1 30-10 

72 

2M x 32 

MCM32200-80 

72 


MCM32200-10 

72 


MCM32L200-80 

72 


MCM32L200-10 

72 


MCM32230-60 

72 


MCM32230-70 

72 


MCM32230-80 

72 


MCM32230-10 

72 


MCM32L230-60 

72 


MCM32L230-70 

72 


MCM32L230-80 

72 


MCM32L230-10 

72 

256K x 36 

MCM36256-70 

72 


MCM362 56-80 

72 


MCM362 56-10 

72 


MCM36L256-70 

72 


MCM36L256-80 

72 


MCM36L256-10 

72 

512K x 36 

MCM365 12-70 

72 


MCM365 12-80 

72 


MCM36512-10 

72 


MCM36L512-70 

72 


MCM36L512-80 

72 


MCM36L512-10 

72 

1M x 36 

MCM361 00-80 

72 


MCM361 00-10 

72 


MCM36L100-80 

72 


MCM36L100-10 

72 

2M x 36 

MC M3 6200-80 

72 


MCM36200-10 

72 


MCM36L200-80 

72 


MCM36L200-10 

72 


Package Information 
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DYNAMIC RAM MODULES (Continued) 



Motorola Part 






Number 

Pin No 

MCM40256-70 

72 

MCM40256-80 

72 

MCM40256-10 

72 

MCM40L256-70 

72 

MCM40L256-80 

72 

MCM40L256-10 

72 

MCM405 12-70 

72 

MCM405 12-80 

72 

MCM405 12-10 

72 

MCM40L512-70 

72 

MCM40L5 12-60 

72 

MCM40L512-10 

72 

MCM401 00-60 

72 

MCM401 00-70 

72 

MCM401 00-80 

72 

MCM40 100-10 

72 

MCM40L 100-60 

72 

MCM40L 100-70 

72 

MCM40L 100-80 

72 

MCM40L1 00-10 

72 

MCM40200-60 

72 

MCM40200-70 

72 

MCM40200-80 

72 

MCM40200-10 

72 

MCM40L200-60 

72 

MCM40L200-70 

72 

MCM40L200-80 

72 

MCM40L200-10 

72 


Package Information 



Address 

Access 

Op 

Current 

(ns Max) 

(mA Max) 

70 

800 

80 

700 

100 

600 

70 

800 

80 

700 

100 

600 

70 

820 

80 

720 

100 

620 

70 

820 

80 

720 

100 

620 

60 

1200 

70 

1000 

80 

850 

100 

750 

60 

1200 

70 

1000 

80 

850 

100 

750 

60 

1220 

70 

1020 

80 

870 

100 

770 

60 

1220 

70 

1020 

80 

870 

100 

770 



S = SIMM 
L = SIP 

LH = Low Height SIP 
SG = Gold Pad SIMM 


SH * Low Height SIMM 

SHG = Low Height Gold Pad SIMM 

Z = Zig-Zag Leaded Module 


MOTOROLA MEMORY DATA 


MO 





























































































































MCM2018A-45 


MCM2018A-65 


MCM6268-20 


MCM6268-25 


MCM6268-35 


MCM6268-45 


MCM6268-65 


MCM6269-20 


MCM6269-25 


MCM6269-35 


MCM6270-20 


MCM6270-25 


MCM6270-35 


MCM4180-18 


MCM4 180-20 


MCM4 180-25 


MCM62350-18 


MCM62350-20 


MCM62350-25 


MCM62351-18 


MCM62351-20 


MCM62351-25 


4Kx 10 MCM62963-30 

MCM62963A-30 


4K x 12 MCM62973-18 

MCM62973-20 
MCM62973A-18 
MCM62973A-20 
MCM62974— 18 


MOTOROLA MEMORY DATA 

Ml 


Processor Bus Protocol 
or Special Function 










































































































































FAST STATIC RAMs 


Org Motorola Part 

Number 


4KX12 MCM62974-20 

(Cont.) MCM62974A-18 
MCM62974A-20 
MCM6 2975-25,30 
MCM62975A-25 
MCM62975A-30 


MCM6264-1 5 


MCM6264— 20 


MCM6264-25 


MCM6264B-35 


MCM6264C-1 2 


MCM6264C-15 


MCM6264C-20 


MCM6264C-25 


MCM6264C-35 


MCM6764-8.10 


MCM6265-15 


MCM6265-20 


MCM6265-25 


MCM6265C-1 2 


MCM6265C-1 5 


MCM6265C-20 


MCM6265C-25 


MCM6265C-35 


16K x 4 MCM6288-12 

MCM6288-1 5 
MCM6288B20.25.35 
MCM6288C-1 2 
MCM6288C-1 5 
MCM6288C— 20 


Package Information 


PDIP SOJ 


Cycle 

Time 

Op 

Current 

(ns Max) 

(mA Max) 

20 

170 

18 

180 

20 

170 

25,30 

160,150 

25 

160 

30 

150 

15 

140 

20 

130 

25 

120 

35 

110 

12 

150 

15 

140 

20 

130 

25 

120 

35 

110 

8,10 

TBD 

15 

140 

20 

130 

25 

100 

12 

150 

15 

140 

20 

130 

25 

120 

35 

110 

12 

150 

15 

140 

20,25,35 

120,120,110 

12 

120 

15 

120 

20 

110 


So> o o. 
wee ^ S 


Features 


New BiCMOS (1992) 



1-12 


Processor Bus Protocol 
or Special Function 














































































































































8K X 20 | MCM62820-23.30 


MCM62820A-17 


MC M62820A-23 


MOTOROLA MEMORY DATA 
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Processor Bus Protocol 
or Special Function 












































































































1 


SELECTOR GUIDE 



16KX16 MCM62157-15 

MCM62157-17 
MCM621 57-24 
MCM62990-17 
MCM6 2990-20 
MCM6740-8.10 
MCM62990-25 
MCM62990A-12 
MCM62990A-15 
MCM62990A-20 
MCM62990A-25 
MCM62995-17 
MCM62995-20 
MCM62995-25 
MCM62995A-1 2 
MCM62995A-1 5 
MCM62995A-20 
MCM62995A-25 
MCM62996-12 
MCM6 2996-1 5 
MCM6 2996-20 
MCM6 2996-25 


64K X 1 MCM6287-1 2 

MCM6287-15 
MCM6287-20 
MCM6287B-25 
MCM6287B-35 
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Processor Bus Protocol 
or Special Function 
































































































































32Kx 8 MCM6206-15 

MCM6206-17 
MCM6206-20 
MCM6206-25 
MCM6206B-35 
MCM6206C-15 
MCM6206C-1 7 
MCM6206C-20 
MCM6206C-25 
MCM6206C-35 
MCM6706-1 0 
MCM6706-1 2 
MCM6706A-8 
MCM6706A-10 
MCM6706A-12 


32KX9 MCM6205-15 

MCM6205-1 7 
MCM6 205-20 
MCM6 205-25 
MCM6205B-35 
MCM6205C-15 
MCM6205C-1 7 
MCM6205C-20 
MCM6205C-25 
MCM6205C-35 
MCM6 2940-1 4 
MCM6 2940-1 9 
MCM6 2940-24 
MCM62940A-14 
MCM62940A-19 
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Processor Bus Protocol 
or Special Function 









































































































































SELECTOR GUIDE 


FAST STATIC RAMs 

Org 

Motorola Part 
Number 

Package infor 


PDIP 

j 

32KX9 

(Cont.) 

MC M62940A-24 

44 



MCM6 2950-20 

44 



MCM6 2950-25 

44 



MCM62950A-15 

44 



MCM62950A-20 

44 



MCM62950A-25 

44 



MCM6 2960-1 7 

44 



MCM6 2960-20 

44 



MCM6 2960-24 

44 



MCM62960A-15 

44 



MCM62960A-1 7 

44 



MCM62960A-24 

44 



MCM62486-14 

44 



MCM62486-19 

44 



MCM62486-24 

44 



MCM62486A-14 

44 



MCM62486A-19 

44 



MCM62486A-24 

44 



MCM62110-15 

52 



MCM62110-17 

52 



MCM621 10-20 

52 



MCM6705-8.10 

32 



64K x 4 

MCM6208-1 5 

24 

• 


MCM6 208-20 

24 

• 


MCM6 208-25 

24 

• 


MCM6208C-1 5 

24 

• 


MCM6208C-20 

24 

• 


MCM6208C-25 

24 

• 


MCM62L08-20 

24 

• 

1 


MCM62L08-25.35 


24 



k MEMORY DATA 
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or Special Function 
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Processor Bus Protocol 
or Special Function 


















































































































FAST STATIC RAMs 


Org Motorola Part 

Number 


256Kx1 MCM6207-15 

MCM6 207-20 
MCM6 207-25 
MCM6207C-15 
MCM6207C-20 
MCM6207C-25 
MCM62L07-20 
MCM62L07-25 
MCM62L07-35 


1 28K x 8 MCM6226-25 

MCM6226-30 
MCM6226A-20 
MCM6226A-25 
MCM6226A-30 
MCM6726-10 
MCM6726-1 2 


256KX4 MCM101514-10 

MCM101514-12 
MCM6229-25 
MCM6229-30 
MCM6229A-20 
MCM6229A-25 
MCM6229A-30 
MCM6726-10.12 
MCM6 728-1 0,12 
MCM67282-10 
MCM67282-12 
MCM6729-10 
MCM6729-1 2 


Package Information 


PDIP SOJ 





Synchronous 

Register Based 

Cycle 

Op 


Time 

Current 


(ns Max) 

(mA Max) 


15 

150 


20 

140 


25 

130 


15 

150 


20 

140 


25 

130 


20 

120 


25 

120 


35 

110 


25 

150 


30 

140 


20 

155 


25 

135 


30 

115 


10 

175 


12 

165 


10 

180 min 


12 

180 min 


25 

170 


30 

165 


20 

140 


25 

120 


30 

100 


10,12 

165,155 


10,12 

165,155 


10 

165 


12 

155 


10 

165 


12 

155 
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Processor Bus Protocol 
or Special Function 




































































































































SELECTOR GUIDE 


FAST STATIC RAMs 

Synchronous 

Register Based 

Latches 

® 

XI 

a 

l5 

3 

s- 

3 

o 

Processor Bus Protocol 
or Special Function 

Org 

Motorola Part 
Number 

Package Information 

Cycle 

Time 

(ns Max) 

Op 

Current 

(mA Max) 

Features 

Pin No 

PDIP 

SOJ 

ZIP 

PLCC 

1MX1 

MCM101510-10 

28 


• * 



10 

165 min 






MCM101510-12 

28 


• * 



12 

164 min 




IHj 


MCM6727-10 

28 


• 



10 

155 



♦ 



MCM6727-1 2 

28 


• 



12 

145 



♦ 


512K x 8 

MCM6246-25 

36 


• 



25 

160 






MCM6246-30 

36 


• 



30 

150 






MCM6246-35 

36 


• 



35 

140 





1Mx4 

MCM6249-25 

32 


• 



25 

160 



♦ 



MCM6249-30 

32 


• 



30 

150 



♦ 



MCM6249-35 

32 


• 



35 

130 



♦ 


64KX32 

MCM3264Z-15 

64 



• 


15 

1240 

n 

B 

B 

B 


MCM3264Z-20 

64 



• 


20 

1160 

♦ 

♦ 

♦ 

♦ 

256K X 8 

MCM8256Z-15 

60 



• 


15 

1200 

n 

B 

B 

B 


MCM8256Z-30 

60 



• 


30 

1040 

B 

B 

B 

B 

256K X 32 

MCM32257Z-20 

64 



• 


20 

1120 

B 

B 

B 

B 


MCM32257Z-25 

64 



• 


25 

960 

♦ 

♦ 

B 

B 

2X32KX36 

MCM36232Z-1 5 

64 



• 


15 

880 

♦ 

♦ 

♦ 

♦ 


MCM36232Z-20 

64 



• 


20 

800 

B 

B 

♦ 

♦ 


* Flatpack 


MOTOROLA MEMORY DATA 
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CROSS REFERENCE 


DYNAMIC RAMs 


DENSE-PAC 

MOTOROLA 

V56C100 

DPD1MX8 

DPD1MX9 

VM55C104K36 

VM56C1042K3 

MCM511000A 

MCM81000A 

MCM91000A 

MCM36256A 

MCM36512A 


FUJITSU 

MOTOROLA 

MB81C1000 

MCM511000A 

MB81C1001 

MCM511001A 

MB81C1Q03 

MCM51002A 

MB81C4256 

MCM5 14256 

MB81C4258 

MCM514258 

MB814100 

MCM54100A 

MB814400 

MCM54400A 

MB85230 

MCM81000A 

MB85235 

MCM91000A 


GOLDSTAR 

MOTOROLA 

GM71C1000 

GM71C4256 

GM71C4100A 

GM71C4400A 

MCM511000A 

MCM514256A 

MCM54100A 

MCM54400A 


HITACHI 

MOTOROLA 

HM511000 

MCM511000A 

HM511001 

MCM511001A 

HM511002 

MCM511002A 

HM514100 

MCM54100A 

HM514101 

MCM54101A 

HM514256 

MCM514256A 

HM514258 

MCM514258A 

HM514400 

MCM54400A 

HM514410 

MCM54410A 


HITACHI 

(Cont.) 

MOTOROLA 

HB56D136B 

HB56D25636 

HB56D51236 

MCM36100 

MCM36256 

MCM36512 


INTEL 

MOTOROLA 

P21010 

P21014 

P21040 

SM21019 

MCM511000A 

MCM514256A 

MCM54100A 

MCM91000A 


MICRON 

MOTOROLA 

MT4C1004 

MCM54100A 

MT4C1005 

MCM54101A 

MT4C1006 

MCM54102A 

MT4C1024 

MCM511000A 

MT4C1025 

MCM511001A 

MT4C1026 

MCM511002A 

MT4C4001 

MCM54400A 

MT4C4003 

MCM54402A 

MT4C4256 

MCM514256A 

MT4C4258 

MCM514258A 

MT8C36256 

MCM36256 

MT8C3651 2 

MCM36512 

MT8C8024 

MCM81000A 

MT8C9024 

MCM91000A 


MITSUBISHI 

MOTOROLA 

M5M44100 

MCM54100A 

M5M44101 

MCM54101A 

M5M44102 

MCM54102A 

M5M44400 

MCM54400A 

M5M44402 

MCM54402A 

M5M44C256 

MCM514256A 


MITSUBISHI 

(Cont.) 

MOTOROLA 

M5M4C1001 

MCM511001A 

M5M4C1002 

MCM511002A 

MH1M08A 

MCM81000A 

MH1M09A 

MCM91000A 


NEC 

MOTOROLA 

}iPD421000 

MCM511000A 

HPD421001 

MCM511001A 

jtPD421002 

MCM511002A 

JJ.PD424256 

MCM514256A 

fiPD424258 

MCM514258A 

MC-421000A36 

MCM36100 

MC-421000A40 

MCM40100 

MC-421000A8 

MCM81000A 

MC-421000A9 

MCM91000A 

MC-422000A36 

MCM36200 

MC-422000A40 

MCM40200 

MC-424100A8 

MCM84000A 

MC-424100A9 

MCM94000A 

MC-424256A36 

MCM36256 

MC-424512A36 

MCM36512 

MC-42451 2AA40 

MCM40512 

HPD424100 

MCM54100A 

)aPD424101 

MCM54101A 

fiPD424102 

MCM54102A 

|xPD424400 

MCM54400A 

HPD424402 

MCM54402A 

}xPD424410 

MCM54410A 


NMB 

MOTOROLA 

AAA1M104 

AAA4M100 

MCM514256A 

MCM54100A 



i .on 


















































CROSS REFERENCE 


T.I. 

(Cont.) 

MOTOROLA 

TMS44100 

MCM54100A 

TMS44101 

MCM54101A 

TMS44400 

MCM54400A 

TMS44410 

MCM54410A 

TM024EAD9 

MCM91000A 

TM024GAD8 

MCM81000A 

TM124BBK32 

MCM32100 

TM124MBK36 

MCM36100 

TM256BBK32 

MCM32256 

TM256KBK36 

MCM36256 

TM4100EBD9 

MCM94000A 

TM4100GBD8 

MCM84000A 

TM512CBK32 

MCM32512 

TM512LBK36 

MCM36512 


PANASONIC 

MOTOROLA 

MN41C1000 

MCM511000A 

MN41C4000 

MCM54100A 

MN41C4001 

MCM54101A 

MN41C4002 

MCM54102A 

MN41C41000 

MCM54400A 

MN41C41002 

MCM54402A 

MN41C4256 

MCM514256A 


SAMSUNG 

MOTOROLA 

KM41C1000 

MCM511000A 

KM41C1001 

MCM511001A 

KM41C1002 

MCM511002A 

KM41C4000 

MCM54100A 

KM41C4001 

MCM54101A 

KM41C4002 

MCM54102A 

KM44C1000 

MCM54400A 

KM44C256 

MCM514256A 

KM44C258 

MCM514258A 

KMM36256 

MCM36256 

KMM36512 

MCM36512 

KMM581000 

MCM81000A 

KMM591000 

MCM91000A 


TOSHIBA 

MOTOROLA 

TC511000 

MCM511000A 

TC511001 

MCM511001A 

TC511002 

MCM511002A 

TC514100 

MCM54100A 

TC514101 

MCM54101A 

TC514102 

MCM54102A 

TC514256 

MCM514256A 

TC514258 

MCM514258A 

TC 5 14400 

MCM54400A 

TC514402 

MCM54402A 

TC514410 

MCM54410A 

THM3625600A 

MCM36256 

THM365120A 

MCM36512 

THM81000A 

MCM81000A 

THM91000A 

MCM91000A 


SIEMENS 

MOTOROLA 

HYB514100 

HYB514256 

HYB614400 

HYM91 0005 

MCM54100A 

MCM514256A 

MCM54400A 

MCM91000A 


T.I. 

MOTOROLA 

TMS44C256 

TMS4C1024 

TMS4C1025 

TMS4C1027 

MCM514256A 

MCM511000A 

MCM511001A 

MCM511002A 


MOTOROLA MEMORY DATA 
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CROSS REFERENCE 


FAST STATIC RAMs 


CYPRESS 

MOTOROLA 

CY7C 106-25 

MCM6229AWJ25 

CY7C1 07-25 

MCM6227AWJ25 

CY7C1 08/9-25 

MCM6226AWJ25 

CY7C164-12PC 

MCM6288P12 

CY7C164-12PC 

MCM6288P12 

CY7C164-12PC 

MCM6288P12 

CY7C164-15PC 

MCM6288P15 

CY7C 164-20 PC 

MCM6288P20 

CY7C164-25PC 

MCM6288P25 

CY7C166-12PC 

MCM6290P12 

CY7C 166-1 2VC 

MCM6290J12 

CY7C166-15PC 

MCM6290P15 

CY7C166-15VC 

MCM6290J15 

CY7C166-20PC 

MCM6290P20 

CY7C 166-20 VC 

MCM6290J20 

CY7C166-25PC 

MCM6290P25 

CY7C 166-25 VC 

MCM6290J25 

CY7C168A-20PC 

MCM6268P20 

CY7C 1 68A-25PC 

MCM6268P25 

CY7C169A-20PC 

MCM6269P20 

CY7C1 69A-25PC 

MCM6269P25 

C Y7C 1 70A-20PC 

MCM6270P20 

C Y7C 1 70A-20 VC 

MCM6270J20 

CY7C 1 70A-25PC 

MCM6270P25 

C Y7C 1 70A-25 VC 

MCM6270J25 

CY7C185— 15PC 

MCM6264P15* 

CY7C 185-1 5VC 

MCM6264NJ15* 

CY7C 185-20 PC 

MCM6264P20* 

CY7C 185-20 VC 

MCM6264NJ20* 

CY7C185-25PC 

MCM6264P25* 

CY7C185-25VC 

MCM6264NJ25* 

CY7C187-20PC 

MCM6287P20 

CY7C187-20VC 

MCM6287J20 

CY7C187-25PC 

MCM6287P25 

CY7C 187-25 VC 

MCM6287J25 

CY7C194-25PC 

MCM6208P25 


CYPRESS 

(Cont.) 


CY7C 194-25 VC 
CY7C196-25PC 
CY7C196-25VC 
CY7C197-20PC 
CY7C198-12 

CY7C1 99-20 


MCM6208CJ25 

MCM6209CP25 

MCM6209CJ25 

MCM6207CP20 

MCM6706AJ12 

MCM6206CP20 


MB81C68A-25P 

MB81C69A-25P 

MB81271A-15P 

MB81271A-15PJ 

MB81271A-20P 

MB81271A-20J 

MB81C71A-15P 

MB81C71A-15PJ 

MB81C71A-20P 

MB81C71A-20PJ 

MB81C71A-25P 

MB81C71A-25PJ 

MB81C74-15P 

MB81C74-20P 

MB81C74-25P 

MB81C75-15P 

MB81C75-15PJ 

MB81C75-20P 

MB81C75-20PJ 

MB81C75-25J 

MB81C75-25P 

MB81C75-20P 

MB81C75-15P 

MB8288-25P 

MB82B88-15P 

MB82B88-20P 


MCM6268P25 

MCM6269P25 

MCM6287CP15 

MCM6287CJ15 

MCM6287CP20 

MCM6287CJ20 

MCM6287CP15 

MCM6287CJ15 

MCM6287CP20 

MCM6287CJ20 

MCM6287CP25 

MCM6287CJ25 

MCM6288CP15 

MCM6288CP20 

MCM6288CP25 

MCM6290CP15 

MCM6290CJ15 

MCM6290CP20 

MCM6290CJ20 

MCM6290CJ25 

MCM6290CP25 

MCM6290CP20 

MCM6290CP15 

MCM6205CP25 

MCM6206CP15 

MCM6206CP20 
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CROSS REFERENCE 


HITACHI 

MOTOROLA 

HM6268P— 25 

MCM6268P25 

HM6707AJP-15 

MCM6207CJ15 

HM6707AJP-20 

MCM6207CJ20 

HM6707JP-25 

MCM6207CJ25 

HM6707AP-15 

MCM6207CP15 

HM6707AP-20 

MCM6207CP20 

HM6707P-25 

MCM6207CP25 

HM6708AJP-15 

MCM6208CJ20 

HM6708AJP-20 

MCM6208CJ20 

HM6708JP-25 

MCM6208CJ25 

HM6708AP-15 

MCM6208CP20 

HM6708P-20 

MCM6208CP20 

HM6708JP-25 

MCM6208CP25 

HM6787AHJP-1 2 

MCM6287CJ12 

HM6787AH JP-1 5 

MCM6287CJ15 

H M6787AH J P-20 

MCM6287CJ20 

HM6787AHJP-1 2 

MCM6287CP12 

HM6787AHJP-1 5 

MCM6287CP15 

HM6787AHJP-20 

MCM6287CP20 

HM6787HP-25 

MCM6287CP25 

HM6787JP-25 

MCM6206CJ25 

HM6787JP-25 

MCM6287CJ25 

HM6787P-25 

MCM6206CP25 

HM6788AHJP-1 2 

MCM6288CP12 

H M6788AH J P-15 

MCM6288CP15 

H M6788AH J P-20 

MCM6288CP20 

HM6788P-25 

MCM6288CP25 

HM6789AHJP-12 

MCM6290CJ12 

HM6789AHJP-1 5 

MCM6290CJ15 

H M6789AH J P-20 

MCM6290CJ20 

HM6789AHJP-1 2 

MCM6290CP12 

HM6789AHJP— 1 5 

MCM6290CP15 

HM6789AHJP-20 

MCM6290CP20 

HM6789JP-25 

MCM6290CJ25 

HM6789P-25 

MCM6290CP25 

HM62832UH15 

MCM6206CJ15 

HM62832UH15 

MCM6206CP15 


HITACHI 

(Cont.) 


HM62832UH20 

HM62832UH20 

HM62832UH25 

HM62832UH25 

HM621100AJP20 

HM621100AJP25 

HM624256AJP20 

HM624256AJP25 


MOTOROLA 


MCM6206CJ20 

MCM6206CP20 

MCM6206CJ25 

MCM6206CP25 

MCM6227WJ20 

MCM6227WJ25 

MCM6227AWJ20 

MCM6227AWJ20 


IDT 

MOTOROLA 

IDT61B298S15P 

MCM6209CP15 

IDT61B298S15Y 

MCM6209CJ15 

IDT61298S20P 

MCM6209CP20 

IDT61298S20Y 

MCM6209CJ20 

IDT61298S25P 

MCM6209CP25 

IDT61298S25Y 

MCM6209CJ25 

IDT6168SA20P 

MCM6268P20 

IDT6168SA25P 

MCM6268P25 

IDT61970S20P 

MCM6270P20 

IDT61970S20Y 

MCM6270J20 

IDT61970S25P 

MCM6270P25 

IDT61970S25Y 

MCM6270J25 

IDT61B98S10P 

MCM6290CP10 

IDT61B98S10Y 

MCM6290CJ10 

IDT61B98S12P 

MCM6290CP12 

IDT61B98S12Y 

MCM6290CJ12 

IDT6198S15P 

MCM6290CP15 

IDT6198S15Y 

MCM6290CJ15 

IDT6198S20P 

MCM6290CP20 

IDT6198S20Y 

MCM6290CJ20 

IDT6198S25P 

MCM6290CP25 

IDT6198S25Y 

MCM6290CJ25 

IDT71B024S20Y 

MC M6226AWJ20 

IDT71024S25Y 

MCM6226AWJ25 

IDT71 B028S20Y 

MCM6229AWJ20 

IDT71028S25Y 

MCM6229AWJ25 

IDT71B256S15P 

MCM6206CJ15 

IDT71256S20P 

MCM6206CJ20 

IDT71256S20P 

MCM6206CP20 

IDT71256S25P 

MCM6206CJ25 

IDT71256S25P 

MCM6206CP25 

IDT712575S20P 

MCM6207CP20 

IDT712575S20Y 

MCM6207CJ20 

IDT712575S25P 

MCM6207CP25 

IDT712575S25Y 

MCM6207CJ25 


MOTOROLA MEMORY DATA 


1-23 










CROSS REFERENCE 


IDT 

(Cont.) 

MOTOROLA 

IDT71B258S15P 

MCM6208CP15 

IDT71B258S15Y 

MCM6208CJ15 

IDT71B258S20P 

MCM6208CP20 

IDT71258S20Y 

MCM6208CJ20 

IDT71258S25P 

MCM6208CP25 

IDT71258S25Y 

MCM620C8J25 

IDT71B259S15Y 

MCM6205CJ15 

IDT71B259S20Y 

MCM6205CJ20 

IDT71259S25J 

MCM6205CJ25 

IDT71B259S15P 

MCM6205CP15 

IDT71B259S20P 

MCM6205CP20 

IDT71259S25P 

MCM6205CP25 

IDT71B64S15P 

MCM6264CP15 

IDT7164S20P 

MCM6264CP20 

IDT7164S20Y 

MCM6264CJ20 

IDT7164S25P 

MCM6264CP25 

IDT7164S25Y 

MCM6264CJ25 

IDT7B69S12Y 

MCM6265CJ12 

IDT7B69S12P 

MCM6265CP12 

IDT7B69S15Y 

MCM6265CJ15 

IDT7B69S15P 

MCM6265CP15 

IDT7B69S20Y 

MCM6265CJ20 

IDT7B69S20P 

MCM6265CP20 

IDT7187S15P 

MCM6287CP15 

IDT7I87S15Y 

MCM6287CJ15 

IDT7187S20P 

MCM6287CP20 

IDT7187S20Y 

MCM6287CJ20 

IDT7187S25P 

MCM6287CP25 

IDT7187S25Y 

MCM6287CJ25 

IDT7187S15P 

MCM6288CP15 

IDT71B88S10P 

MCM6288CP10 

IDT71B88S12P 

MCM6288CP12 

IDT7188S15P 

MCM6288CP15 

IDT7188S20P 

MCM6288CP20 

IDT7188S25P 

MCM6288CP25 


MICRON 

MOTOROLA 

MT5C1001DJ20 

MCM6227WJ20 

MT5C1001 DJ25 

MCM6227WJ25 

MT5C1001 DJ20 

MCM6226WJ20 

MT5C1001 DJ25 

MCM6226WJ25 

MT5C1004DJ20 

MCM6229AWJ20 

MT5C1001DJ25 

MCM6229AWJ25 

MT5C 1604-20 

MCM6268P20 

MT5C 1604-20 

MCM6268P20 

MT5C 1604-20 

MCM6268P20 

MT5C 1604-25 

MCM6268P25 

MT5C 1605-20 

MCM6270P20 

MT5C 1605-25 

MCM6270P25 

MT5C1605DJ-0 

MCM6270J20 

MT5C1605DJ-5 

MCM6270J25 

MT5C2561DJ-15 

MCM6207J15 

MT5C2561— 15 

MCM6207P15 

MT5C2561-20 

MCM6207P20 

MT5C2561-25 

MCM6207P25 

MT5C2561 DJ-0 

MCM6207J20 

MT5C2561 DJ-5 

MCM6207J25 

MT5C2564DJ-15 

MCM6208CJ15 

MT5C2564-1 5 

MCM6208CP15 

MT5C2564-20 

MCM6208P20 

MT5C2564-25 

MCM6208P25 

MT5C2564DJ-0 

MCM6208J20 

MT5C2564DJ-25 

MCM6208J25 

MT5C2565DJ-15 

MCM6209J15 

MT5C2565-1 5 

MCM6209P15 

MT5C2565-20 

MCM6209P20 

MT5C2565-25 

MCM6209P25 

MT5C2565DJ-0 

MCM6209J20 

MT5C2565DJ-5 

MCM6209J25 

MT5C2568DJ-15 

MCM6206CJ15 

MT5C2568-20 

MCM6206CP20 

MT5C2568-25 

MCM6206NP25 

MT5C2568DJ-0 

MCM6206NJ20 

MT5C2568DJ-5 

MCM6206NJ25 


MICRON 

(Cont.) 

MOTOROLA 

MT5C640-20 

MCM6287P20 

MT5C6401-12 

MCM6287P12 

MT5C6401-15 

MCM6287P15 

MT5C6401-25 

MCM6287P25 

MT5C6401 DJ-2 

MCM6287J12 

MT5C6401DJ-5 

MCM6287J15 

MT5C6401DJ-0 

MCM6287J20 

MT5C6401DJ-5 

MCM6287J25 

MT5C6404-1 2 

MCM6288P12 

MT5C6404-15 

MCM6288P15 

MT5C6404-20 

MCM6288P20 

MT5C6404-25 

MCM6288P25 

MT5C6405-1 2 

MCM6290P12 

MT5C6405-15 

MCM6290P15 

MT5C6405-20 

MCM6290P20 

MT5C6405DJ-1 2 

MCM6290J12 

MT5C6405DJ-1 5 

MCM6290J15 

MT5C6405DJ-20 

MCM6290J20 

MT5C6405DJ-25 

MCM6290J25 

MT5C6408DJ-1 2 

MCM6264J12 

MT5C6408DJ-1 5 

MCM6264J15 

MT5C6408-15 

MCM6264P15 

MT5C6408DJ-20 

MCM6264J20 

MT5C6408-20 

MCM6264P20 

MT5C6408DJ-25 

MCM6264J25 

MT5C6408-25 

MCM6264P25 


MOTOROLA MEMORY DATA 


1-24 















CROSS REFERENCE 


MITSUBISHI 

MOTOROLA 

M5M178AJ-15 

MCM6264CJ15 

M5M178AJ-20 

MCM6264CJ20 

M5M178AJ— 25 

MCM6264CJ25 

M5M178AP-15 

MCM6264CP15 

M5M178AP-20 

MCM6264CP20 

M5M178AP-25 

MCM6264CP25 

M5M179AJ-15 

MCM6265CJ15 

M5M179AJ-20 

MCM6265CJ20 

M5M179AP-15 

MCM6265CP15 

M5M179AP-20 

MCM6265CP20 

M5M5187BJ-15 

MCM6287CJ15 

M5M5187BJ-20 

MCM6287CJ20 

M5M5187AJ-25 

MCM6287CJ25 

M5M5187BP-15 

MCM6287CP15 

M5M5187BP-20 

MCM6287CP20 

M5M5187AP-25 

MCM6287CP25 

M5M5188BP-15 

MCM6288CP15 

M5M5188BP-20 

MCM6288CP20 

M5M5188AP-25 

MCM6288CP25 

M5M5189BJ-15 

MCM6290CJ15 

M5M5189BJ-20 

MCM6290CJ20 

M5M51 89AJ-25 

MCM6290CJ25 

M5M5189BP-15 

MCM6290CP15 

M5M5 189 BP-20 

MCM6290CP20 

M5M5189AP-25 

MCM6290CP25 

M5M5257BJ-1 5 

MCM6207CJ15 

M5M5257BJ— 20 

MCM6207CJ20 

M5M5257AJ-25 

MCM6207CJ25 

M5M5257BP-15 

MCM6207CP15 

M5M5257BP-20 

MCM6207CP20 

M5M5257AP-25 

MCM6207CP25 

M5M5258BJ-1 5 

MCM6208CJ15 

M5M5258BJ-20 

MCM6208CJ20 

M5M5258AJ-25 

MCM6208CJ25 

M5M5258BP-15 

MCM6208CP15 

M5M5258BP-20 

MCM6208CP20 

M5M5258AP-25 

MCM6208CP25 


MITSUBISHI 

(Cont.) 


M5M5259BJ-15 

M5M5259BJ-20 

M5M5259BP-15 

M5M5259BP-20 

M5M5278J-15 

M5M5278J-20 

M5M5278J-25 

M5M5278P-20 

M5M5278P-25 

M5M5279J-15 

M5M5279J-20 

M5M5279J-25 

M5M5279P-15 

M5M5279P-20 

M5M5279P-25 


MOTOROLA 


MCM6209CJ15 

MCM6209CJ20 

MCM6209CP15 

MCM6209CP20 

MCM6206CJ15 

MCM6206CJ20 

MCM6206CJ25 

MCM6206CP20 

MCM6206CP25 

MCM6205CJ15 

MCM6205CJ20 

MCM6205CJ25 

MCM6205CP15 

MCM6205CP20 

MCM6205CP25 


PARADIGM 


PDM41258J-15 
P DM41 258 J-20 
PDM41258J-25 
PDM41258P-15 
PDM41258P-20 

PDM41258P-25 
PDM41259J-15 
PDM4 1259 J-20 
PDM41259J-25 
PDM41259P-15 

PDM41259P-20 
PDM41259P-25 
PDM51256J-15 
PDM5 1256 J-20 
PDM51256P-20 

PDM51256P-25 

PDM4157J-15 

PDM4157J-20 

PDM4157J-25 

PDM4157P-15 

PDM4157P-20 
PDM4157P— 25 


MOTOROLA 


MCM6208CJ15 

MCM6208CJ20 

MCM6208CJ25 

MCM6208CP15 

MCM6208CP20 

MCM6208CP25 

MCM6209CJ15 

MCM6209CJ20 

MCM6209CJ25 

MCM6209CP15 

MCM6209CP20 

MCM6209CP25 

MCM6206CJ15 

MCM6206CJ20 

MCM6206CP20 

MCM6206CP25 

MCM6207CJ15 

MCM6207CJ20 

MCM6207CJ25 

MCM6207CP15 

MCM6207CP20 

MCM6207CP25 


MOTOROLA MEMORY DATA 


1-25 

















CROSS REFERENCE 


PERFORMANCE 

MOTOROLA 

P4C1 256-20 JC 

MCM6206CJ20 

P4C1256-20PC 

MCM6206CP20 

P4C1 256-25 JC 

MCM6206CJ25 

P4C1256-25PC 

MCM6206CP25 

P4C1257-20C 

MCM6207CJ20 

P4C1257-20PC 

MCM6207CP20 

P4C1 257-25 JC 

MCM6207CJ25 

P4C1257-25PC 

, MCM6207CP25 

P4C1 258-20 JC 

MCM6208CJ20 

P4C1258-20PC 

MCM6208CP20 

P4C1 258-25 JC 

MCM6208CJ25 

P4C1258-25PC 

MCM6208CP25 

P4C1 298-20 JC 

MCM6209CJ20 

P4C 1298-20 PC 

MCM6209CP20 

P4C1 298-25 JC 

MCM6209CJ25 

P4C1298-25PC 

MCM6209CP25 

P4C163-20JC 

MCM6265CJ20 

P4C163-20PC 

MCM6265CP20 

P4C164-15JC 

MCM6264CJ15 

P4C164-15PC 

MCM6264CP15 

P4C164-20PC 

MCM6264CP20 

P4C164-20JC 

MCM626CJ20 

P4C164-25JC 

MCM6264CJ25 

P4C164-25PC 

MCM6264CP25 

P4C168-20PC 

MCM6268P20 

P4C168-25PC 

MCM6268P25 

P4C169-20PC 

MCM6269P20 

P4C169-25PC 

MCM6269P25 

P4C170-20PC 

MCM6270P20 

P4C170-25PC 

MCM6270P25 

P4C170-25PC 

MCM6270P25 

P4C187-12JC 

MCM6287J12 

P4C187-12PC 

MCM6287P12 


PERFORMANCE 

(Cont.) 


P4C187-20PC 

P4C187-25JC 

P4C187-25PC 

P4C188-12PC 

P4C188-15PC 

P4C188-20PC 
P4C 188-25 PC 
P4C198-12JC 
P4C198-12PC 
P4C198-15JC 

P4C198-15PC 
P4C1 98-20 JC 
P4C 198-20 PC 
P4C198-25JC 
P4C198-25PC 


MOTOROLA 


MCM6287P20 

MCM6287J25 

MCM6287P25 

MCM6288CP12 

MCM6288CP15 

MCM6288CP20 

MCM6288CP25 

MCM6290CJ12 

MCM6290CP12 

MCM6290CJ15 

MCM6290CP15 

MCM6290CJ20 

MCM6290CP20 

MCM6290CJ25 

MCM6290CP25 


SAMSUNG 

MOTOROLA 

KM61257P25 

MCM6207CP25 

KM61257J25 

MCM6207CJ25 

KM6165J25 

MCM6287J25 

KM6165P25 

MCM6287P25 

KM64257P25 

MCM6208CP25 

KM64257J25 

MCM6208CJ25 

KM64B65P10 

MCM6288CP10 

KM64B65P12 

MCM6288CP12 

KM64B65P15 

MCM6288CP15 

KM64B65P20 

MCM6288CP20 

KM6465P25 

MCM6288CP25 

KM64B66J10 

MCM6290CJ10 

KM64B66J12 

MCM6290CJ12 

KM64B66J15 

MCM6290CJ15 

KM64B66J20 

MCM6290CJ20 

KM64B66P10 

MCM6290CP10 

KM64B66P12 

MCM6290CP12 

KM64B66P15 

MCM6290CP15 

KM64B66P20 

MCM6290CP20 

KM68B65J12 

MCM6264CJ12 

KM68B65J15 

MCM6264CJ15 

KM68B65J20 

MCM6264CJ20 

KM68B65P12 

MCM6264CP12 

KM68B65P15 

MCM6264CP15 

KM68B65P20 

MCM6264CP20 


MOTOROLA MEMORY DATA 


1-26 

















CROSS REFERENCE 


SONY 

MOTOROLA 

CXK5164J15 

MCM6287J15 

CXK5164J20 

MCM6287J20 

CXK5164J25 

MCM6287J25 

CXK5164P15 

MCM6287P15 

CXK5164P20 

MCM6287P20 

CXK5164P25 

MCM6287P25 

CXK5464AP15 

MCM6288CP15 

CXK5464AP20 

MCM6288CP20 

CXK5464AP25 

MCM6288CP25 

CXK5465J15 

MCM6290CJ15 

CXK5465J20 

MCM6290CJ20 

CXK5465J25 

MCM6290CJ25 

CXK5465P15 

MCM6290CP15 

CXK5465P20 

MCM6290CP20 

CXK5465P25 

MCM6290CP25 

CXK58255AJ25 

MCM6206CJ25 

CXK58255AP25 

MCM6206CP25 

CXK5863AJ15 

MCM6264CJ15 

CXK5863AJ20 

MCM6264CJ20 

CXK5863AP15 

MCM6264CP15 

I 

CXK5863AP20 

MCM6264CP20 

CXK5863J25/AJ25 

MCM6264CJ25 

CXK5863P25/AP25 

MCM6264CP25 


MOTOROLA MEMORY DATA 


TOSHIBA 

MOTOROLA 

TC55328J-1 7 

MCM6206CJ17 

TC55328J-20 

MCM6206CJ20 

TC55328J-25 

MCM6206CJ25 

TC55328P-17 

MCM6206CP17 

TC55328P-20 

MCM6206CP20 

TC55328P-25 

MCM6206CP25 

TC55329J-20 

MCM6205CJ20 

TC55329J-1 7 

MCM6205CJ17 

TC55329J-20 

MCM6205CJ20 

TC55329P-17 

MCM6205CP17 

TC55329P-20 

MCM6205CP20 

TC55329P-25 

MCM6205CP25 

TC55416P-15H 

MCM6288CP15 

TC55416P-20H 

MCM6288CP20 

TC55416P-25H 

MCM6288CP25 

TC55B417J-10H 

MCM6290CJ10 

TC55417J-12H 

MCM6290CJ12 

TC55417J-15H 

MCM6290CJ15 

TC554 1 7J-20/J-2H 

MCM6290CJ20 

TC55417J-25 

MCM6290CJ25 

TC56417P-10 

MCM6290CP10 

TC55417P-12 

MCM6290CP12 

TC55417P-15 

MCM6290CP1 5 

TC554 1 7P-20/P-2H 

MCM6290CP20 

TC55417P-25 

MCM6290CP25 

TC55464J-20 

MCM6208CJ20 

TC55464J-25 

MCM6208CJ25 

TC55464P-20 

MCM6208CP20 

TC55464P-25 

MCM6208CP25 

TC55465J-20 

MCM6209CJ20 

TC55465J-25 

MCM6209CJ25 

TC55465P-20 

MCM6209CP20 

TC55465P-25 

MCM6209CP25 

TC5588J-12 

MCM6264CJ12 

TC5588J-15 

MCM6264CJ15 

TC5588J-20 

MCM6264CJ20 

TC5588J-25 

MCM6264CJ25 

TC5588P-1 2 

MCM6264CP12 

TC5588P-15 

MCM6264CP15 

TC5588P-20 

MCM6264CP20 

TC5588P-25 

MCM6264CP25 

TC5589J-15 

MCM6265CJ15 

TC5589J-20 

MCM6265CJ20 

TC5589P-15 

MCM6265CP15 

TC5589P-20 

MCM6265CP20 


SGS THOMPSON 

MOTOROLA 

IMS1605E-15 

MCM6287J15 

IMS1605E-20 

MCM6287J20 

IMS1605E-25 

MCM6287J25 

IMS1605D3-15 

MCM6287P15 

IMS1605D3-20 

MCM6287P20 

IMS1605D3-25 

MCM6287P25 

IMS1625D3-15 

MCM6288CP15 

IMS1625D3-20 

MCM6288CP20 

IMS1625D3-25 

MCM6288CP25 

IMS1629E-15 

MCM6290CJ15 

IMS1629E-20 

MCM6290CJ20 

IMS1629E-25 

MCM6290CJ25 

IMS1629D3— 15 

MCM6290CP15 

IMS1635E-15 

MCM6264CJ15 

IMS1635E-20 

MCM6264CJ20 

IMS1635E-25 

MCM6264CJ25 

IMS1635D3-15 

MCM6264CP12 

1 MSI 635 D 3-20 

MCM6264CP20 

IMS1635D3-25 

MCM6264CP25 

IMS1695E-15 

MCM6265CJ-1 5 

IMS1695E-20 

MCM6265CJ-20 

IMS1695D3-15 

MCM6265CP-15 

IMS1695D3-20 

MCM6265CP-20 

1 MS 1 8 00 D 3-25 

MCM6207CP-25 

IMS1820E-25 

MCM6208CJ25 

IMS1820D3-25 

MCM6208CP25 

IMS1824E-25 

MCM6209CJ25 

IMS1824D3-25 

MCM6209CP25 

MK41H68N20 

MCM6268P20 

MK41H68N25 

MCM6268P25 

MK41H69N20 

MCM6269P20 

MK41H69N25 

MCM6269P25 

MK41H80 

MCM4180 

MK62486Q 

MCM62486 

MK62940Q 

MCM62940 

MK62960Q 

MCM62960 


1-27 



















MOTOROLA MEMORY DATA 


1-28 



CMOS Dynamic RAMs 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

4M x 1 CMOS Dynamic RAM 

Fast Page Mode 

The MCM54100A is a 0.7p CMOS high-speed, dynamic random access memory. It 
is organized as 4,194,304 one-bit words and fabricated with CMOS silicon-gate pro- 
cess technology. Advanced circuit design and fine line processing provide high per- 
formance, improved reliability, and low cost. 

The MCM54100A requires only 11 address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 300-mil J-lead small outline 
package, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Fast Page Mode 

• Test Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1 024 Cycle Refresh: MCM541 00A = 1 6 ms 

MCM5L41 00A =128 ms 

• Fast Access Time (tRAc) 

MCM54100A-60 and MCM5L41 00A-60 = 60 ns (Max) 

MCM54100A-70 and MCM5L4100A-70 = 70 ns (Max) 

MCM54100A-80 and MCM5L4100A-80 = 80 ns (Max) 

• Low Active Power Dissipation: 

MCM54100A-60 and MCM5L41 00A-60 = 660 mW (Max) 

MCM54100A-70 and MCM5L4100A-70 = 550 mW (Max) 

MCM54100A-80 and MCM5L41 00A-80 = 468 mW (Max) 

• Low Standby Power Dissipation: 

MCM54100A and MCM5L4100A = 11 mW (Max, TTL Levels) 

MCM54100A = 5.5 mW (Max, CMOS Levels) 

MCM5L4100A = 1 .1 mW (Max, CMOS Levels) 


300-MIL SOJ 


D 

W 

RAS 

NC 

A10 

AO 

A1 

A2 

A3 

V CC 


[1 26 3 

[ 2 25 3 

[ 3 24 ] 

[ 4 23 3 

[ 5 22 3 


[9 18 3 

[10 17 ] 

[ 11 16 ] 

[12 15 3 

[13 14 ] 


V SS 

Q 

CAS 

NC 

A9 


A8 

A7 

A6 

A5 

A4 


MCM54100A 

MCM5L4100A 




Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES 

A0-A10 .. 

Address Input 

D 

Data Input 

Q 

Data Output 

W 

Read/Write Enable 

RAS 

Row Address Strobe 

CAS 

. . . Column Address Strobe 

v cc 

Power Supply (+ 5 V) 

v ss 

Ground 

NC 

No Connection 


PIN ASSIGNMENT 
100-MIL ZIP 

A9 f 


Q 

D 

RAS 

NC 

AO 

A2 

V CC 

A5 

A7 



2 

3 



4 

5 

* * 


6 

7 



8 

9 

" 


10 

11 

xa 


12 

13 



It 

£ 



16 

17 

■ ■ 


18 

l 9 . 



20 


CAS 

VSS 

W 

A10 

NC 

A1 

A3 

A4 

A6 

A8 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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2-3 






BLOCK DIAGRAM 


MCM54100A»MCM5L4100A 


w ■ 

CAS- 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 


O- 


13 


RAS- 


#2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS 
BUFFERS (11) 


REFRESH L 
CONTROLLER ™ 

i 


REFRESH 
COUNTER (10) 

ZZII 


N ROW 
) ADDRESS 
y | BUFFERS (11) 


#1 CLOCK 
GENERATOR 


ROW 

DECODERl 


1024 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


4096 


MEMORY 

ARRAY 


COLUMN 

DECODER 


SENS AMP 
I/O GATING 


SUBSTRATE BIAS 
GENERATOR 


D 


Q 


vcc 

v ss 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vgs for Any Pin Except Vqq 

Vjn> v out 

-1 to +7 

V 

Data Out Current 

! out 

50 

mA 

Power Dissipation 

PD 

700 

mW 

Operating Temperature Range 

t a 

0 to +70 

°C 

Storage Temperature Range 

Istg 

- 55 to +150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


MOTOROLA MEMORY DATA 















MCM54100A* MCM5L4100A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

v ss 

0 

o 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

<CC1 



mA 

2,3 

MCM541 00A-60 and MCM5L41 00A-60, t RC = 110 ns 


— 

120 



MCM541 00A-70 and MCM5L4100A-70, t R c = 130 ns 


— 

100 



MCM541 00A-80 and MCM5L4100A-80, t RC = 150 ns 


— 

85 



Vcc Power Supply Current (Standby) (RAS = CAS = V||_|) 

>CC2 

— 

2.0 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles (CAS = V| R ) 

‘CC3 



mA 

2,3 

MCM541 00A-60 and MCM5L41 00A-60, t RC = 110 ns 


— 

120 



MCM54100A-70 and MCM5L4100A-70, t R c = 130 ns 


— 

100 



MCM54100A-80 and MCM5L4100A-80, t RC = 150 ns 


— 

85 



Vqq Power Supply Current During Fast Page Mode Cycle (RAS = Vjl) 

>CC4 



mA 

2,3 

MCM541 00A-60 and MCM5L4100A-60, t PC = 45 ns 


— 

60 



MCM541 00A-70 and MCM5L41 00A-70, t PC = 45 ns 


— 

70 



MCM54100A-80 and MCM5L4100A-80, t PC = 50 ns 


— 

60 



Vqc Power Supply Current (Standby) (RAS = CAS = V| R -0.2 V) 

'CC5 





MCM54100A 


— 

1.0 

mA 


MCM5L41 00A 


— 

200 

(liA 


Vqc Power Supply Current During CAS Before RAS Refresh Cycle 

'CC6 



mA 

2 

MCM541 0QA-60 and MCM5L41 00A-60, t R c = 110 ns 


— 

120 



MCM541 00A-70 and MCM5L41 00A-70, t RC = 130 ns 


— 

100 



MCM54100A-80 and MCM5L41 00A-80, t RC = 150 ns 


— 

85 



Vqc Power Supply Current, Battery Backup Mode— MCM5L4100A Only 

'CC7 



HA 

2,4 

(t R Q = 125 (is; CAS = CAS Before RAS Cycling or 0.2 V; W = V cc - 0.2 V; 






Dj n = Vqq - 0.2 V or 0.2 V or OPEN; A0-A10 = Vqq - 0.2 V or 0.2 V) 






tRAS = 300 ns to 1 (is 






tRAS = Min t0 300 ns 


— 

400 





— 

300 



Input Leakage Current (0 V < Vj n < 6.5 V) 

'lkg(l) 

-10 

10 

HA 


Output Leakage Current (CAS = V||_j, 0 V < V out < 5.5 V) 

'lka(O) 

-10 

10 

|iA 


Output High Voltage (Iqh = - 5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

VOL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A1 0, D 

RAS, CAS, W 

c in 

5 

PF 

5 

7 

I/O Capacitance (CAS = V| R to Disable Output) Q 

c out 

7 

PF 

5 


NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading ; max imum curr ents are specified cycle time (minimum) with the output open. 

3. Column address can be changed once or less while RAS = V|j_ and CAS = Vm* 

4. tRAS ( m a x ) = 1 M-S is only applied to refresh of battery-back up. t RA s (max) = 10 jxs is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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MCM54100A* MCM5L4100A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 


(Vqc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54100A-60 

5L4100A-60 

54100A-70 
5L41 00A-70 

54100A-80 

5L4100A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

*RC 

110 

— 

130 

— 

150 

— 

ns 

5 

Read- Write Cycle Time 

tRELREL 

*RWC 

140 

— 

155 

— 

175 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

45 

— 

50 

— 



Fast Page Mode Read-Write Cycle 

Time 

tCELCEL 

tpRWC 

65 

— 

70 

— 

75 

— 

ns 


Access Time from RAS 

tRELQV 

*RAC 

_ 

60 

— 

70 

— 

80 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

— 

20 

ns 

6,8 

Access Time from Column Address 

*AVQV 

tAA 

— 

30 

— 

35 

— 

40 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

40 

— 

40 

— | 

45 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 


— 

ns 

6 

Output Buffer and Turn-Off Delay 



0 

20 

0 

20 



ns 

10 

Transition Time (Rise and Fall) 

*T 

tT 

3 

50 

3 

50 

3 

50 



RAS Precharge Time 

tREHREL 

tRP 

45 

— 

50 

— 

60 

— 

ns 


MS Pulse Width 

tRELREH 

tRAS 

60 

10k 

70 

10 k 

80 

10k 

ns 


RAS Pulse Width (Fast Page Mode) 



60 

200 k 

70 

200 k 

80 

200 k 

ns 


RAS Hold Time 



20 

— 

20 

— 

20 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

60 

__ 

70 

— 

80 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 

40 

— 

45 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10k 

20 

10k 

20 

10k 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

40 

20 

50 

20 

60 

■a 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

30 

15 


15 




CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

5 

— 



CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

tASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

10 

— 

ns 



(continued) 


NOTES: 

1 . V|h min and V|i_ max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V||_| and V||_ (or between Vjl and Vjj-j) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tRQ (min) and tpvvc ( min ) are used on, y t0 indicate cycle time at which proper operation over the full temperature 
range (0°C < Ta < 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2-0 V 
and Vql = 0.8 V. 

7. Assumes that tRQD ^ tRCD (max). 

8. Assumes that tRQQ > tRCD (max). 

9. Assumes that to ad ^ tRAD (max). 

1 0. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRQD (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; if tRQQ is 
greater than the specified tRQD (max) limit, then access time is controlled exclusively by tQAC- 

12. Operation within the tRAD (max) limit ensures that tRAQ (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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MCM54100A»MCM5L4100A 


READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

54100A-60 

5L4100A-60 

541 00A-70 
5L4100A-70 

54100A-80 
5L41 00A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Column Address Setup Time 

tAVCEL 

tASC 

0 

— 

0 

__ 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

*CAH 

15 

— 

15 

— 

15 

— 

ns 


Column Address to RAS Lead Time 

*AVREH 

tRAL 

30 

— 

35 

_ 

40 

— 

ns 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced 
to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time Referenced 
to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time Referenced 
to CAS 

tCELWH 

tWCH 

10 

— 

15 

— 

15 

— 

ns 


Write Command Pulse Width 

*WLWH 

t W p 

10 

— 

15 

— 

15 

— 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

20 

— 

20 

— 

ns 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

— 

20 

— 

20 

— 

ns 


Data in Setup Time 

tDVCEL 

*DS 

0 

- 

0 

— 

0 

— 

ns 

14 

Data in Hold Time 

tCELDX 

*DH 

15 

— 

15 

__ 

15 

— 

ns 

14 

Refresh Period 

MCM54100A 

MCM5L4100A 

tRVRV 

tRFSH 

- 

16 

128 

- 

16 

128 

- 

16 

128 

ms 


Write Command Setup Time 

tWLCEL 

*WCS 

0 

— 

0 

— 

0 

— 

ns 

15 

CAS to Write Delay 

*CELWL 

*CWD 

20 

— 

20 

— 

20 

— 

ns 

15 

RAS to Write Delay 

tRELWL 

*RWD 

60 

— 

70 

— 

80 

— 

ns 

15 

Column Address to Write Delay Time 

*AVWL 

*AWD 

30 

— 

35 

— 

40 

— 

ns 

15 

CAS Precharge to Write Delay Time 
(Page Mode) 

tCEHWL 

*CPWD 

40 

— 

40 

— 

40 

— 

ns 

15 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

tCSR 

5 

— 

5 

— 

5 

— 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

15 

— 

ns 


RAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS Before 
RAS Counter Time 

tCEHCEL 

*CPT 

30 

— 

40 

_ 

40 

— 

ns 


Write Command Setup Time (Test 

Mode) 

tWLREL 

tWTS 

10 

— 

10 

— 

10 

— 

ns 


Write Command Hold Time (Test Mode) 

tRELWH 

tWTH 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Precharge Time (CAS 
Before RAS Refresh) 

tWHREL 

tWRP 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Hold Time (CAS Before 
RAS Refresh) 

tRELWL 

%RH 

10 

— 

10 

— 

10 

— 

ns 



NOTES: 

1 3. Either tpRH or tRQR must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in read-write cycles. 

1 5. twcs> *RWD> tCWD> *AWD’ and tCPWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if tyvcS - *WCS ( min )< the c y c,e is an ear, y write c y c,e and the data out P in wil1 remain open circuit (high impedance) throughout 
the entire cycle; if \q\ND - tcWD (min), tRwo ^ iRWD ( min ). fAWD - *AWD ( min ). and tCPWD ^ tCPWD ( min ) (P a 9 e mode), the cycle is 
a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 
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READ CYCLE 


2 



EARLY WRITE CYCLE 
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MCM54100A*MCM5L4100A 


READ-WRITE CYCLE 
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FAST PAGE MODE EARLY WRITE CYCLE 
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MCM54100A*MCM5L4100A 


HIDDEN REFRESH CYCLE (READ) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 1 6 milliseconds or 1 28 milliseconds in case 
of low power device, with the device powered up), a wakeup 
sequence of eight active cycles is necessary to ensure proper 
operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the b eginn ing of a memory cycle by two clock s, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 11 -bit address fields. A total of twenty-two address bits, 
eleven rows and eleven columns, will d ecode one of the 
4,194,304 bi t loca tions in the device. RAS active transition is 
followed by CAS active transition (active = V|j_, tR CD m ini- 
mum ) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external ad- 
dresses into th e RA M. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQp minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

Th ere are three other va riation s in add ressin g the 4M RAM: 

RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|h), tRQs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the de vice i s independent of the address multiplex 
window; however, CAS must be active before or at tRQD maxi- 
mum to guarantee valid data out (Q) at tRAC (access time from 
RAS active transition). If the tRQp maxim um is exceeded, 
read access time is determined by the CAS clock active transi- 
tion (t C AC) - 

The RAS and CAS clocks must remain active for a minimum 
time oMras and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he ne xt active 
cycle. Q is valid, but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 
will switch to High Z (three-state). 


WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered elsewhere. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|l). Early and late write modes are dis tinguished by the ac- 
tive transition of W, with respect to CAS. Minimum active time 
*RAS and tCAS> and precharge time tRp apply to write mode, 
as in the read mode. 

An early write cycle is cha racter ized by W active transition at 
minimum time ty ycs b efore CAS active transit ion. D ata i n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and l C WL> respectively, after 
the start of the early write operation to complete the cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. This 
feature can be utilized on systems with a common I/O bus, pro- 
vided all writes are performed with early write cycles, to pre- 
vent bus contention. 

A l ate wr ite cycle occurs when W active transition is made 
after CAS active transition. W active tr ansit ion could be 
delayed for almost 1 0 microseconds after CAS active transi- 
tion, (tRCD + tQWD + tRWL + 2tr) £ tRAS> if other timing mini- 
mums (tRQD. tRWL> and *t) are maintained. D is referenced to 
W active trans ition in a late write cycle. Output buffers are en- 
abled by CAS active transition but Q may be i ndete rmin ate— 
see note 1 5 of ac operating conditions table. RAS and CAS 
must remain active for tRwi_ and tQWb respectively, after W 
active transition to complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for t qwq minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the 4M dynamic 
RAM. Rea d acce ss time in page mode (tQAC) is typically half 
the regular RAS clock ac cess time, tRAC- Pa 9 e mo de op era- 
tion consists of keeping RAS active while togg ling CAS be- 
tween V | R and V||_. The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior secti ons. O nce the tim- 
ing requirements for the first cycl e are m et, CAS transitions to 
inactive for m inimum of tQp, while RAS r emains low (V||_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpQ or tpRwc)- Either a read, write, or read- 
write operation can be performed in a page mode cycle, sub- 
ject to the same conditions as in normal operation (previously 
described). These operations can be intermixed in consecu- 
tive page mode cycles and performed in any order. The maxi- 
mum number of consecutive page mode cyc les is limited by 
tRASP- Pa 9 e mode operation is ende d whe n RAS transitions 
to inactive, coincident with or following CAS inactive transition. 
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REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM54100A require refresh every 16 milliseconds, while 
refresh time for the MCM5L4100A is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM54100A, and 124.8 microseconds 
for the MCM5L41 00A. Burst refresh, a refresh of all 1 024 rows 
consecutively, must be performed every 16 milliseconds on 
the MCM541 00A and 1 28 milliseconds on the MCM5L41 00A. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (4096) associated with t he pa rticular row de- 
coded. Thre e othe r methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in dur- 
ing the previous cycle (hidden refresh) . W m ust be inactive for 
time ty\/Rp before and time tyyRH a ^ ter RAS active transition to 
prevent switching the device into test mode. 


Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1 ). W is subject to the same conditions 
with respec t to R AS ac tive t ransition (to prevent test mode 
entry) as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. 

The test can be performed after a minimum of 8 CAS before 

RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column address, r ead “0 ” out an d write “1 ” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1024 times. 

3. Read the “1 ”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, 
read “1 ” out a nd wr ite “0” into the cell by performing the 
CAS before RAS refresh counter test, read-write 
cycle. Repeat this operation 1 024 times. 

5. Read “0”s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 



MEMORY CYCLE 

CAS BEFORE RAS 
REFRESH CYCLE 

CAS BEFORE RAS 
REFRESH CYCLE 
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Figure 1. Hidden Refresh Cycle 
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TEST MODE 

The internal organization of this device (51 2K x 8) allows it 
to be tested as if it were a 512K x 1 DRAM. Nineteen of the 
twenty two addresses are used when operating the device in 
test mode. Row address AO, and column addresses AO and 
A1 0 are ignored by the device in test mode. A test mode cycle 
reads and/or writes data to a bit in each of eight 51 2K blocks 
(B0-B7) in parallel. External data out is determined by the in- 


ternal test mode logic of the device. See the following truth 
table and t est mo de blo ck diagram. 

W, CAS before RAS timing puts the devi ce in “ Test M ode” 
as s hown in the test mode timing diagram. A CAS before RAS 
or a RAS only refresh cycle puts the device back into n ormal 
mode. Refre sh is performed in test mode by using a W, CAS 
before RAS refresh cycle which uses internal refresh address 
counter. 


TEST MODE TRUTH TABLE 


D 

B0 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

— 




Any Other 




0 


TEST MODE 

AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5.0 V ±10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

541 00A-60 
5L4100A-60 

54100A-70 

5L4100A-70 

54100A-80 

5L4100A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

iRELREL 

IRC 

115 

— 

135 

— 

155 

— 

ns 

5 

Fast Page Mode Cycle Time 

fCELCEL 

tpc 

50 

— 

50 

— 

55 

— 

ns 


Access Time from RAS 

■ 


— 

O 

— 


— 

85 


6,7 

Access Time from CAS 



— 

n 

— 

25 

— 

25 

19 

■as 

Access Time from Column Address 

*AVQV 


— 


— 

40 

— 

45 

mm 

ESS 

Access Time from Precharge CAS 

fCEHQV 

*CPA 

— 

45 

— 


— 

50 

mm 

6 

RAS Pulse Width 

tRELREH 

*RAS 

65 

10k 

75 

10k 

85 

10k 



RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

65 

200 k 



85 




RAS Hold Time 

tCELREH 


25 

— 


— 


— 

jh 


CAS Hold Time 




— 


— 

85 

— 

BOH 


CAS Precharge to RAS Hold Time 

tCEHREH 

iRHCP 

451 

— 

45 

— 

50 

— 

mi 


CAS Pulse Width 








10k 

m 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 


40 


45 

— 




NOTES: 


1 . V|n min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V|l- 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for ail input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and Vjl (or between V|[_ and Vm) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpQ (min) and tpwc ( min ) are used on, y t0 indicate cycle time at which proper operation over the full temperature 
range (0°C < T^ < 70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh * 2 0 v 
and Vql = 0.8 V. 

7. Assumes that tRQD ^ tRCD (max). 

8. Assumes that tRQQ > tRCD (max). 

9. Assumes that tRAD ^ tRAD (max). 
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MCM54100A»MCM5L4100A 


TEST MODE - READ CYCLE 



TEST MODE - EARLY WRITE CYCLE 



MOTOROLA MEMORY DATA 




MCM54100A*MCM5L4100A 


TEST MODE - FAST PAGE MODE READ CYCLE 



TEST MODE - FAST PAGE MODE EARLY WRITE CYCLE 
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MCM54100A»MCM5L4100A 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 541 00A or 5141 00A X XX XX 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns) 

Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP) 


Full Part Numbers — 


MCM54100AN60 

MCM54100AN70 

MCM54100AN80 


MCM5L41 00AN60 
MCM5L41 00AN70 
MCM5L41 00AN80 


MCM541 00AN60R2 
MCM541 00AN70R2 
MCM541 00AN80R2 


MCM541 00AZ60 
MCM541 00AZ70 
MCM541 00AZ80 


MCM5L41 00AN60R2 MCM5L4100AZ60 
MCM5L41 00AN70R2 MCM5L4100AZ70 
MCM5L41 00AN80R2 MCM5L41 00AZ80 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 


MCM541 OOA-C 


4M x 1 CMOS Dynamic RAM 

Page Mode 

The MCM541 OOA-C is a 0.7|i CMOS high-speed, dynamic random access memory. 
It is organized as 4,194,304 one-bit words and fabricated with CMOS silicon-gate 
process technology. Advanced circuit design and fine line processing provide high 
performance, improved reliability, and low cost. 

The MCM541 OOA-C requires only 11 address lines; row and column address in- 
puts are multiplexed. The device is packaged in a standard 300-mil and a 1 00-mil 
zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Fast Page Mode 

• Test Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1 024 Cycle Refresh: MCM541 OOA-C = 1 6 ms 

• Fast Access Time (tRAC) 

MCM541 00A-C70 = 70 ns (Max) 

MCM54100A-C80 = 80 ns (Max) 

• Low Active Power Dissipation: 

MCM54100A-C70 = 550 mW (Max) 

MCM541 00A-C80 = 468 mW (Max) 

• Low Standby Power Dissipation: 

MCM541 00A-C = 11 mW (Max, TTL Levels) 

MCM541 00A-C = 5.5 mW (Max, CMOS Levels) 



PIN NAMES 


A0-A1 0 Address Input 

D Data Input 

Q Data Output 

W Read/Write Enable 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vqq Power Supply (+ 5 V) 

V$s Ground 

NC No Connection 


PIN ASSIGNMENT 


100-MIL ZIP 





■ 

A9 




300- AND 350-MIL SOJ 


3 

2 b 

CAS 

DC 

i 

26 

] V SS 

Q 

5 

4 

V SS 

W [ 

2 

25 

] Q 

D 


6 


RAS[ 

3 

24 

] CAS 

RAS 

7 

8 

W 

NC [ 

4 

23 

]NC 


9 


A10 

A10 [ 

5 

22 

3 A9 

NC 

11 

10 

NC 





AO 


12 







13 


A1 

AO C 

9 

18 

] A8 

A2 


14 

A3 

A1 C 

10 

17 

3 A7 

V CC 

15 

16 


A2[ 

11 

16 

] A6 

A5 

17 


A4 

A3 [ 

12 

15 

3 A5 


19 

18 

A6 

v ccE 

13 

14 

3 A4 

A7 


20 

A8 










This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM54100A-C 


BLOCK DIAGRAM 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to V$s for Any Pin Except Vqq 

v in> v out 

-1 to +7 

V 

Data Out Current 

’out 

50 

mA 

Power Dissipation 

PD 

700 

mW 

Operating Temperature Range 

t a 

- 40 to + 85 

°C 

Storage Temperature Range 

T stg 

- 55 to 
+150 

°C 
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MCM54100A-C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = - 40 to 85°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1 .0 

- 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc P° wer Supply Current 

*CC1 



mA 

2,3 

MCM541 00A-C-70, t RC = 130 ns 


— 

100 



MCM541 00A-C-80, tRQ = 150 ns 


— 

85 



Vcc Power Supply Current (Standby) (RAS = CAS = V|r) 

>CC2 

— 

2.0 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles (CAS = V|r) 

'CC3 



mA 

2,3 

MCM541 00A-C-70, t RC = 130 ns 


— 

100 



MCM541 00A-C-80, t RC = 150 ns 


— 

85 



Vcc Power Supply Current During Fast Page Mode Cycle (RAS = V|[_) 

! CC4 



mA 

2,3 

MCM541 00A-C-70, tpc = 45 ns 


— 

60 



MCM541 OOA-C-80, tpc = 50 ns 


— 

50 



Vcc Power Supply Current (Standby) (RAS = CAS = V iH - 0.2 V) MCM541 00A-C 

•CC5 

— 

1.0 

mA 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

>CC6 



mA 

2 

MCM541 00A-C-70, tRC = 1 30 ns 


— 

100 ; 



MCM541 00A-C-80, tRC = 150 ns 


— 

85 



Input Leakage Current (0 V < Vj n < 6.5 V) 

'lkg(l) 

-10 

10 

ma 


Output Leakage Current (CAS = Vir, 0 V < V 0U { < 5.5 V) 

'lkg(O) 

-10 

10 

ma | 


Output High Voltage (Iqh = - 5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

- 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A1 0, D 

RAS, CAS, W 

Cin 

5 

PF 

5 

7 

I/O Capacitance (CAS = V|r to Disable Output) Q 

o 

o 

c 

7 

PF 

5 


NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum curr ents are specified cycle time (minimum) with the output open. 

3. Column address can be changed once or less while RAS = V||_ and CAS = V|(_(. 

4. tRAS (max) = 1 M'S is only applied to refresh of battery-back up. tRAS (max) = 10 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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MCM54100A-C 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T/\ = - 40 to + 85°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

54100A-C70 

54100A-C80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

*RC 

130 

— 

150 

— 

ns 

5 

Read-Write Cycle Time 

tRELREL 

tRWC 

155 

— 

175 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

50 

— 

ns 


Fast Page Mode Read-Write Cycle Time 

tCELCEL 

tPRWC 

70 

— 

75 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

70 

— 

80 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

35 

— 

40 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

40 

— 

45 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

200,000 

80 

200,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 

45 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

tASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

- 

10 

- 

ns 



(continued) 


NOTES: 

1 . Vi|_| min and V|j_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V||_. 

2. An initial pause of 200 pis is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vm and V||_ (or between Vjl and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpQ (min) and t rwc ( m ' n ) are usec * on *y to indicate cycle time at which proper operation over the full temperature 
range (0°C < T/\ < 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 jaA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tRQp ^ tpQp (max). 

8. Assumes that tRQp > tRCp (max). 

9. Assumes that tRAD ^ tRAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRQp (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; if tRQp is 
greater than the specified tRQp (max) limit, then access time is controlled exclusively by tQAC- 

12. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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MCM54100A-C 


READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

541 00A-C70 

54100A-C80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Column Address Setup Time 

tAVCEL 

*ASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

*CAH 

15 

— 

15 

— 

ns 


Column Address to RAS Lead Time 

tAVREH 

*RAL 


— 

40 

— 

ns 


Read Command Setup Time 

*WHCEL 

tRCS 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 


13 

Read Command Hold Time Referenced to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time Referenced to CAS 

tCELWH 

tWCH 

15 

— 

15 

— 

ns 


Write Command Pulse Width 

tWLWH 

t W p 

15 

— 

15 

— 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

20 

— 



Write Command to CAS Lead Time 

tyVLCEH 

tCWL 

20 

— 

20 

— 

ns 


Data in Setup Time 

tDVCEL 

tos 

0 

— 

0 

— 

ns 

14 

Data in Hold Time 

MSSSM 

*DH 

15 

— 

15 

— 



Refresh Period 

MCM54100A 

tRVRV 

tRFSH 










HSU 1 

*WCS 

0 

— 

0 

— 

ns 

15 

CAS to Write Delay 

*CELWL 

tCWD 

20 

— 

20 

— 

ns 

15 

RAS to Write Delay 

tRELWL 

*RWD 

70 

— 

80 

— 

ns 

15 

Column Address to Write Delay Time 

tAVWL 

tAWD 

35 

— 

45 

— 

ns 

15 

CAS Precharge to Write Delay Time (Page 

Mode) 

*CEHWL 

tCPWD 

40 

— 

45 

— 

ns 

15 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

tCSR 

5 

— 

5 

— 

ns 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

ns 


RAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS Before RAS 
Counter Time 

tCEHCEL 

tCPT 

40 

— 

40 

— 

ns 


Write Command Setup Time (Test Mode) 

*WLREL 

tWTS 

10 

— 

10 

— 

ns 


Write Command Hold Time (Test Mode) 

tRELWH 

tWTH 

10 

— 

10 

— 

ns 


Write to RAS Precharge Time (CAS Before RAS 
Refresh) 

tWHREL 

tWRP 

10 

— 

10 

— 

ns 


Write to RAS Hold Time (CAS Before RAS 
Refresh) 

tRELWL 

tWRH 

10 

— 

10 

— 

ns 



NOTES: 

1 3. Either tRRH or tRQn must be satisfi ed for a read cycle. _ 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in read-write cycles. 


1 5. tyvQs, tRWD’ tCWD> *AWD> anc * tCPWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if tyycs - tyvcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tQyvD - l CWD (min), *RWD - tRWD (min), t/w/VD - ^AWD (min), and tQpwQ > tQpwD ( min ) (P a 9 e mode), the cycle is 
a read-write cycle and the data out will contain data read from the selected cell . If neither of these sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 
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MCM54100A-C 


READ CYCLE 


2 



EARLY WRITE CYCLE 


, V|h— ’ 

’ V|L- 


\ 


*CRP 


Viu - 

CAS w IH 
V|L - 



" l RAS ' 


■ *RC ' 


_t RCD 


_t CSH ' 


_t RSH“ 


otto/ 


‘WCS- 


_ V| H - 

w 

V| L - 


<xxxxxxxxx 


t DS“ 


D (DATA IN) 


i XXXXXXXXXXX T 


1 RP ■ 


\ 


- l CRP-H 
{ CP 


7 



t ASR H 

1 m 

"* ! RAD * 


_t ASC 

{ RAL 

CAH *j 

1 _ 



■h 


m 


wmmmmm 

K^RAH - 1 H 

i i- 



hcWL 

— H 



• tWCH" 


■t W p ' 


.xxxxxxxxxxxxx 


T RWL~ 

_t DH _ 


VALID DATA 


xxxxxxxxxxxxxxxx 


D (DATA OUT) 


V 0H- 

v 0L - 


HIGHZ 
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MCM54100A-C 



READ-WRITE CYCLE 
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MCM54100A-C 


RAS 


V|H- 


1 


t CRP 


CAS 


V| H - 

V|L- 



l ASR- 


ADDRESSES 


V| H - 
V| L ~ 


FAST PAGE MODE EARLY WRITE CYCLE 

1 RASP 


~toCD“ 


ROW 

ADDRESS 


tASC- 

_t RAH 


1—1 RAD 
t WCS 


1 pc i *- 

* *^ _t CAS h **Hcas 

— **-tcp h — *■-* 


COLUMN 

ADDRESS 


l ASC- 

-tCAH 


■r xxxxrn 


D (DATA IN) 


V| L - 


-t W p 


f*~t DS h 


t DH ' 


‘ tRHCP - 


{ A$C — * 
l CAH 


COLUMN 

ADDRESS 


twcs - 

*WCH 


Ml 


VALID DATA 


twp- 


h-tRSH-^ 
l CAS 


_t CP 


* 4 — { RP 


[ RAL“ 


~ t CP~ 


COLUMN 

ADDRESS 


' t WCH 

twcs- 


MI. 

l DS-H 


*WP 


l CAH 




“ t WCH 


S IXXX 


tDS“K4 l DS-H h- 

H t DH r* 4 r* 4 1 DH 

vauddata ww vauddata KXXX' 



D (DATA OUT) V ° H “ 


- HIGH Z ■ 


v OL“ 


V|h — 

RAS 

V| L - 


CAS 


V|H 

V|L 


l CRP H* — *“ 

-T 


toSR' 


ADDRESSES 


V|H- 

V| L - 


tRAH‘ 


FAST PAGE MODE READ-WRITE CYCLE 

*RASP 




" t CSH " 


l CP 


- { RCD ■ 




*ASC 4 


ROW 

ADDRESS 


toAH 

y 


_ V|h - 
W 

V| L - 


t— ! RAD ' 
tRCS- 


IXXXXX/ 


ht CAS“ 


COLUMN 

ADDRESS 


"toRWC 

top- 


J> — \ 


toAH- 


D (DATA IN) 


D (DATA OUT) 


V|H" 
V|L — 


v OH“ 

V OL“ 


l DS ~ 


- toWD 


toAC’ 


" toWD 

«- 4 - 


toWD 

. A 


VALII 

DATA. 


-toAS“ 


_t ASC 


4 


toAH' 


“S/W COLUMN COLUMN ~\A7 

ADDRESS ADDRESS 


toWL 


t w p 


{ DS‘ 

I 

toPWD- 
*DH 1 1 


' toAC ■ 


-t AA~ 


iMAAAw 

^ tCLZ 

; 


■toWD 


w towD 

w 


toSH 

-toAS~* 


_t RAL~ 


_t ASC 


toWD’ 

toWL 


"top - 


-toWD- 


tos~ 


l CPWD t . 

| tDH— 4 
\*mh 

AWF 


rP 


_t RWL 


l CWL 


\J 


■twp 


- l CPA“ 


_t CAC‘ 

_t AA' 


VALID 

DATA 


tOFF-4 


-4“tCLZ 


*— l CAC 
" l AA‘ 


l OFF“ 


r — to PA — 
VALID \ ; 

DATA A . 


VALID 

DATA 


1 


1 off-4 
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MCM54100A-C 


HIDDEN REFRESH CYCLE (READ) 




MOTOROLA MEMORY DATA 






MCM54100A-C 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


Q (DATA OUT) 


EARLY WRITE CYCLE 

Vow — 


READ-WRITE CYCLE 


Q (DATA OUT) 



1 »j p^CAH- 

COLUMN ADDRESS 

I h“ l CAC ' 








tCLZ - 

tRCS ** 

► 







~ [ \NCS ~ ** 







»»»!♦> 
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MCM54100A-C 


DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 1 6 milliseconds with the device powered 
up), a wakeup sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the b eginn ing of a memory cycle by two clock s, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 11 -bit address fields. A total of twenty-two address bits, 
eleven rows and eleven columns, will d ecode one of the 
4,194,304 bi t loca tions in the device. RAS active transition is 
followed by CAS active transition (active = V||_, tR cp m ini- 
mum ) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external ad- 
dresses into th e RA M. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

TTiere are three other va riation s in add ressin g the 4M RAM : 

RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|r), tRcs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the de vice i s independent of the address multiplex 
window; however, CAS must be active before or at tRQD maxi- 
mum to guarantee valid data out (Q) at tRAC (access time from 
RAS active transition). If the tRQp maxim um is exceeded, 
read access time is determined by the CAS clock active transi- 
tion (t CAC) - ___ 

The RAS and CAS clocks must remain active for a minimum 
time ofjRAS and *CAS respectively, to complete the read 
cycle. W must remain high t hroug hout the cycle, and for time 
tRRR or tRQH after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he ne xt active 
cycle. Q is valid, but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 
will switch to High Z (three-state). 


WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered elsewhere. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V||_). Early and jate write modes a re dis tinguished by the ac- 
tive transition of W, with respect to CAS. Minimum active time 
tRAS and *CAS’ ancl precharge time tRp apply to write mode, 
as in the read mode. 

An early write cycle is char acter ized by W active transition at 
minimum time ty ycs b efore CAS active transit ion. D ata i n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and to WL> respectively, after 
the start of the early write operation to complete the cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. This 
feature can be utilized on systems with a common I/O bus, pro- 
vided all writes are performed with early write cycles, to pre- 
vent bus contention. 

A l ate wr ite cycle occurs when W active transition is made 
after CAS active transition. W active tr ansit ion could be 
delayed for almost 1 0 microseconds after CAS active transi- 
tion, (tRQD + tcvVD + l RWL + 2t T) ^ tRAS» if other timing mini- 
mums (tRQD, tRWL, ancl l T) are maintained. D is referenced to 
W active trans ition in a late write cycle. Output buffers are en- 
abled by CAS active transition but Q may be in deter mina te — 
see note 15 of ac operating conditions table. RAS and CAS 
must remain active for tRWL and tCWL- respectively, after W 
active transition to complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for Iqwd minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the 4M dynamic 
RAM. Rea d acce ss time in page mode (tcAC) IS typically half 
the regular RAS clock ac cess time, tRAC- Pa 9 e mo de op era- 
tion consists of keeping RAS active while togg ling CAS be- 
tween V|r and V|l- The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior secti ons. O nce the tim- 
ing requirements for the first cycl e are m et, CAS transitions to 
inactive for m inimum of tQp, while RAS r emains low (Vjl). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpQ or tpRwc)- Either a read, write, or read- 
write operation can be performed in a page mode cycle, sub- 
ject to the same conditions as in normal operation (previously 
described). These operations can be intermixed in consecu- 
tive page mode cycles and performed in any order. The maxi- 
mum number of consecutive page mode cyc les is limited by 
tRASP- P a 9 e mode operation is ende d whe n RAS transitions 
to inactive, coincident with or following CAS inactive transition. 
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REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM541 OOA-C require refresh every 1 6 milliseconds. 

This is accomplished by cycling through the 1 024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 1 5.6 
microseconds for the MCM541 00A. Burst refresh, a refresh of 
all 1 024 rows consecutively, must be performed every 1 6 milli- 
seconds on the MCM541 00A. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (4096) associated with t he pa rticular row de- 
coded. Thre e othe r methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V||_j) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in dur- 
ing the previous cycle (hidden refresh) . W m ust be inactive for 
time tyvRp before and time ty\/RH after RAS active transition to 
prevent switching the device into a test mode cycle. 


Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1). W is subject to the same conditions 
with respec t to R AS ac tive tr ansition (to prevent test mode 
cycle) as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efresh counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. 

Th e test can be performed after a minimum of 8 CAS before 
RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column address, r ead “0 ” out an d write “1 ” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1024 times. 

3. Read the “1 ”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, 
read “1 ” out a nd wr ite “0” into the cell by performing the 
CAS before RAS refresh counter test, read-write 
cycle. Repeat this operation 1 024 times. 

5. Read “0”s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 
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Figure 1 . Hidden Refresh Cycle 
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TEST MODE 

The internal organization of this device (51 2K x 8) allows it 
to be tested as if it were a 512K x 1 DRAM. Nineteen of the 
twenty-two addresses are used when operating the device in 
test mode. Row address AO, and column addresses AO and 
A1 0 are ignored by the device in test mode. A test mode cycle 
reads and/or writes data to a bit in each of eight 51 2K blocks 
(B0-B7) in parallel. External data out is determined by the in- 


ternal test mode logic of the device. See following truth table 
and t est m ode bl ock di agram. 

W, CAS before RAS timing puts the devic e in “ Test M ode” 
as s hown in the test mode timing diagram. A CAS before RAS 
or a RAS only refresh cycle puts the device back into n ormal 
mode. Refre sh is performed in test mode by using a W, CAS 
before RAS refresh cycle which uses internal refresh address 
counter. 


TEST MODE TRUTH TABLE 


D 

B0 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

— 




Any Other 




0 



TEST MODE 

AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = -40to + 85°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54100A-C70 

54100A-C80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tec 


— 


— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tec 

50 

— 

55 

— 

ns 


Access Time from RAS 

1RELQV 

teAC 

— 

75 

— 

85 

ns 

6,7 

Access Time from CAS 

teELQV 

teAC 

— 

25 

— 

25 

ns 

6,8 

Access Time from Column Address 

lAVQV 

teA 

— 

40 

— 

45 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

45 

— 

50 

ns 

6 

RAS Pulse Width 

tRELREH 

teAS 


10k 

mm 

10k 



RAS Pulse Width (Fast Page Mode) 

tRELREH 

teASP 

WEM 


mm 




RAS Hold Time 

tCELREH 


25 

— 

25 

— 



CAS Hold Time 

tRELCEH 

teSH 

75 

— 

85 

— 



CAS Precharge to RAS Hold Time 

tCEHREH 

teHCP 

45 

— 

50 

— 

ns 


CAS Pulse Width 

tCELCEH 

teAS 

25 

10k 

25 

10k 



Column Address to RAS Lead Time 

'AVREH 

<RAL 

40 

— 

45 

__ 

ns 



NOTES: 


1 . V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and Vj|_. 

2. An initial pause of 200 (is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and V||_ (or between V||_ and V|r) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tRp (min) and tRwc ( min ) are used on| y t0 indicate cycle time at which proper operation over the full temperature 
range (0°C < T A < 70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 jiA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tRQp < tRQp (max). 

8. Assumes that tRQp > tRQp (max). 

9. Assumes that tR A p > tR A p (max). 
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MCM54100A-C 



W, CAS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY) 
(D and A0-A10 are Don’t Care) 



TEST MODE - READ CYCLE 
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TEST MODE - EARLY WRITE CYCLE 



V 0L- 

TEST MODE - FAST PAGE MODE READ CYCLE 
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TEST MODE - FAST PAGE MODE EARLY WRITE CYCLE 
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TEST MODE BLOCK DIAGRAM 


2 


ADDRESSES 



ADDRESSES 
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ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 


Part Number 


MCM 


541 00A 


X XX XX 


I 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Speed (70 = 70 ns, 80 = 80 ns) 


Plastic (N = 300-mil SOJ, Z = 100-mil Plastic ZIP) 


Full Part Numbers 


MCM541 00ANC70 
MCM541 00ANC80 


MCM541 00ANC7OR2 
MCM541 00ANC80R2 


MCM54100AZ70 

MCM54100AZ80 


MOTOROLA MEMORY DATA 


2-40 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

4M x 1 CMOS Dynamic RAM 

Nibble Mode 

The MCM54101A is a 0.7|i CMOS high-speed, dynamic random access memory. It 
is organized as 4,194,304 one-bit words and fabricated with CMOS silicon-gate pro- 
cess technology. Advanced circuit design and fine line processing provide high per- 
formance, improved reliability, and low cost. The fast nibble mode feature allows 
high-speed serial access of up to 4 bits of data. 

The MCM54101 A requires only 11 address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 300-mil and small outline 
package, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Nibble Mode 

• Test Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1 024 Cycle Refresh: MCM541 01 A = 1 6 ms 

• Fast Access Time (tRAC) : 

MCM54101 A-60 = 60 ns (Max) 

MCM54101 A-70 = 70 ns (Max) 

MCM54101 A-80 = 80 ns (Max) 

• Low Active Power Dissipation: 

MCM54101 A-60 = 660 mW (Max) 

MCM54101 A-70 = 550 mW (Max) 

MCM54101 A-80 = 468 mW (Max) 

• Low Standby Power Dissipation: 

MCM54101 A = 11 mW (Max, TTL Levels) 

MCM54101 A = 5.5 mW (Max, CMOS Levels) 


MCM54101 A 




Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES 

A0-A10 . 

Address Input 

D 

Data Input 

Q 

Data Output 

W 

Read/Write Enable 

RAS . . . . 

. . Row Address Strobe 

CS 

Chip Select 

V CC ■ ■ ■ ■ 

. . Power Supply (+ 5 V) 

V SS ■ ■ • ■ 

Ground 

NC 

No Connection 


PIN ASSIGNMENT 
100-MIL ZIP 



1 

300-MIL SOJ 

A9 

1 a 

2 






3 


D C 

1 

26 

3v ss 

Q 

= = 

4 

W [ 

2 

25 

] Q 

D 

5 


RAS [ 

3 

24 

] CAS 



_6_ 

NC [ 

4 

23 

3 NC 

RAS 


_8_ 

A10 C 

5 

22 

] A9 

NC 

_9_ 

10 






11 






AO 


1_2_ 

AO E 

9 

18 

] A8 

A2 

13 

14 

A1 E 

10 

17 

]A7 


15_ 






< 

o 

o 


16 

A2[ 

11 

16 

] A6 


17 


A3 C 

12 

15 

] A5 

A5 


18 

v cc [ 

13 

14 

3 A4 

A7 

1-9= 

20 









CAS 

V SS 

W 

A10 

NC 

A1 

A3 

A4 

A6 

A8 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM54101A 


BLOCK DIAGRAM 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to V§s for Any Pin Except Vqq 

V in . Vout 

-1 to +7 

V 

Data Out Current 

taut 

50 

mA 

Power Dissipation 

Pd 

700 

mW 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

T stg 

-55 to 
+150 

°c 
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MCM54101A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 



DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

'CC1 



mA 

2,3 

MCM541 01 A-60, t RC = 1 1 0 ns 


— 

120 



MCM54101 A-70, t RC = 130 ns 


— 

100 



MCM54101 A-80, t RC = 150 ns 


— 

85 



Vqc Power Supply Current (Standby) (RAS=CAS=V|h) 

*CC2 

— 

2.0 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles (CAS=V||_|) 

>CC3 



mA 

2,3 

MCM54101A-60, t RC = 110 ns 


— 

120 



MCM54101 A-70, t RC = 130 ns 


— 

100 



MCM54101 A-80, t RC = 150 ns 


— 

85 



Vqc Power Supply Current During Nibble Mode Cycle (RAS = V||_) 

'CC4 



mA 

2,3 

MCM54101 A-60, t NC = 40 ns 

— 

50 



MCM54101 A-70, t NC = 40 ns 


— 

50 



MCM54101 A-80, t NC = 40 ns 


— 

50 



Vqc Power Supply Current (Standby) (RAS=CAS=Vqc-0.2 V) 

•CC5 

— 

1.0 

mA 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

>006 



mA 

2 

MCM541 01 A-60, t RC = 1 1 0 ns 

_ 

120 



MCM54101 A-70, t RC = 130 ns 


— 

100 



MCM54101A-80, t RC = 150 ns 


— 

85 



Input Leakage Current (0 V < Vj n < 6.5 V) 

■ikod) 

-10 

10 

pA 


Output Leakage Current (CAS = V||_|, 0 V < V ou t < 5.5 V) 

'lka(O) 

-10 

10 

pA 


Output High Voltage (Iqh = - 5 mA) 

VoH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

VOL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A1 0, D 

RAS, CAS, W 

Gin 

5 

PF 

4 

7 

Output Capacitance (CAS = V| R to Disable Output) Q 

Gout 

7 

PF 

4 


NOTES: 

1 . All voltages referenced to Vgs> 

2. Current is a function of cycle rate and output loading ; max imum curr ents a re specified cycle time (minimum) with the output open. 

3. Column address can be changed once or less while RAS = V|j_ and CAS = V| R . 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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MCM54101A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54100A-60 

54100A-70 

541 00A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

IRC 

110 

— 

130 

— 

150 

— 

ns 

5 

Read-Write Cycle Time 

iRELREL 

fRWC 

135 

— 

155 

— 

175 

— 

ns 

5 

Nibble Mode Cycle Time 

tCEHCEH 

*NC 

40 

— 

40 

— 

40 

— 

ns 


Nibble Mode Read-Write Cycle Time 

tCELCEL 

*NRWC 

65 

— 

65 

— 

65 

— 

ns 


Access Time from RAS 

tRELQV 


— 

60 

— 

70 

— 



6,7 

Access Time from CAS 

tCELQV 

B8SM 

- — 


— 


— 

20 

^^9 

6,8 

Access Time from Column Address 

tAVQV 

l AA 

— 

30 

— 

35 

— 

40 

ns 

6,9 

Nibble Mode Access Time 

tCELQV 

*NCAC 

— 

20 

— 

20 

— 

20 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns ' 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

40 

— 

50 

— 

60 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

60 

10k 

70 

10k 

80 

10k 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

20 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

60 

— 

70 

— 

80 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10k 

20 

10k 

20 

10 k. 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

40 

20 

50 

20 

60 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

30 

15 

35 

15 

40 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

5 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 

10 

— 

. 10 

— 

ns 


Row Address Setup Time 

tAVREL 

tASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

1RELAX 

tRAH 

10 

— 

10 

— 

10 

— 

ns 



(continued) 


NOTES: 

1 . V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V||_| and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V||_| and V||_ (or between Vjl and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpQ (min) and tpiwc ( min ) are usecl on| y t0 indicate cycle time at which proper operation over the full temperature 
range (0°C < Ta < 70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 v 
and Vql = 0.8 V. 

7. Assumes that tRQQ < tRQQ (max). 

8. Assumes that tRQQ > tRQQ (max). 

9. Assumes that tRAD ^tRAD ( max )- 

1 0. tQFF ( m a x ) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRQQ (max) limit ensures that tRAC (max) can be met. tRQQ (max) is specified as a reference point only; if tRQQ is 
greater than the specified tRQQ (max) limit, then access time is controlled exclusively by tQAQ. 

12. Operation within the tRAQ (max) limit ensures that tRAQ (max) can be met. tRAQ (max) is specified as a reference point only; if tRAQ is 
greater than the specified tRAQ (max) limit, then access time is controlled exclusively by tAA- 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

54101A-60 

54101A-70 

54101A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Column Address Setup Time 

tAVCEL 

*ASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

*CAH 

15 

— 

15 

— 

15 

— 

ns 


Column Address to RAS Lead Time 

l AVREH 


30 

— 

35 

— 

40 

— 

ns 


Read Command Setup Time 

tWHCEL 


0 

— 

0 

— 

0 

— 



Read Command Hold Time 

Referenced to CAS 

tCEHWX 

tRCH 


B 


— 


— 



Read Command Hold Time 

Referenced to RAS 

tREHWX 

tRRH 


1 


■ 


— 


13 

Write Command Hold Time 

Referenced to CAS 

tCELWH 

tWCH 

10 

— 

15 

— 

15 

— 

ns 


Write Command Pulse Width 

*WLWH 

tWP 

10 

— 

15 

— 

15 

— 

ns 


Write Command to RAS Lead Time 


tRWL 

20 

— 

20 

— 

20 

— 

ns 


Write Command to CAS Lead Time 


tCWL 

20 

— 

20 

— 

20 

— 

E3 


Data in Setup Time 

*DVCEL 

*DS 

0 

— 

0 

— 

0 

— 


14 

Data in Hold Time 

*CELDX 

*DH 

15 

— 

15 

— 


— 


14 

Refresh Period 

tRVRV 

tRFSH 

— 

16 

— 

16 

— 




Write Command Setup Time 

tyVLCEL 

twcs 

0 

— 

0 

— 

0 

— 


15 

CAS to Write Delay 

tCELWL 



— 


— 


— 

nm 

15 

RAS to Write Delay 



60 

— 

70 

— 


— 


15 




30 

— 


— 

45 

— 


15 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

tCSR 

5 

— 

5 

— 

5 

— 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

15 

— 

ns 


RAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS Before 
RAS Counter Test 

tCEHCEL 

tCPT 

30 

— 

40 

— 

40 

— 

ns 



(continued) 

NOTES: 

1 3. Either tRRR or tRCH must be staisfied f or a re ad cycle. _ 

14. These two parameters are referenced to CAS leading edge in early write cycles and to W leading edge in read-write cycles. 

1 5. twcS’ tRWD- tCWD’ tAWD- and *CPWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if twcs - twcs ( min )> the cycle is an ear| y write cycle and the data out P' n wil * remain open circuit (high impedance) throughout 
the entire cycle; if tcwD - *CWD (min), tR wd > tRWD (min), t/M/D > t^WD (min), and tcpwD > tQpyyD (min) (page mode), the cycle is 
a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 


Nibble Mode Pulse Width 


Nibble Mode CAS Precharge Time 


Nibble Mode RAS Hold Time 


Nibble Mode CAS to Write Delay Time ^CELWL *NCWD 


Nibble Mode Write Command to RAS 
Lead Time 


Nibble Mode Write Command to CAS 
Lead Time 



Min 

tNCAS 

20 

*NCP 

10 


^1 

tNCWD 

20 


20 

*NCWL 1 

20 


Write Command Setup Time (Test 
Mode) 

Write Command Hold Time (Test 
Mode) 


Write t o RAS Precharge Time (CAS 
Before RAS Refresh) 


Write to RAS Hold Time (CAS Before 
RAS Refresh) 


tRELWH *WTH 
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READ CYCLE 


2 



EARLY WRITE CYCLE 


RAS 


V| H - " 
V| L — 


\ 


l CRP 


CAS , 



l ASR- 


" *RAS ' 


’ l RC ' 


H h *rp 

/ 1 


_t RCD 


l CSH ' 




1 RAD “ 


ADDRESSES 


V| H - 

V| L - 


ROW 

ADDRESS 


h- l RAH" 


l ASC 


-tRSH“ 


- { CAS 


~ l RAL~ 

_t CAH“ 


COLUMN 

ADDRESS 


T wcs- 


,V| H - 

V|L 


= (XXXXXXXXX 


X DS~ 


D (DATA IN) 


V|H — 
V|L- 




*CWL “ 


h-tCRP- 1 


r 




* 1 cp — H 


: kxxxxxxxxxxxxxx 


' 1 WCH - 


t W p ' 


.xxxxxxxxxxxxx 


' x RWL “ 
*~t DH - 


KXXXXXXXXXXXXXXX 


Q (DATA OUT) 


v OH- 

v OL" 


HIGHZ 
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READ-WRITE CYCLE 
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NIBBLE MODE EARLY WRITE CYCLE 
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RAS^ONLY REFRESH CYCLE 
(W and A10 are Don’t Care) 



Vqu — 

Q (DATA OUT) UH HIGH Z 

V 0L~ 


CAS BEFORE RAS REFRESH CYCLE 
(AO to A10 are Don’t Care) 
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HIDDEN REFRESH CYCLE (READ) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 1 6 milliseconds or 1 28 milliseconds in case 
of low power device, with the device powered up), a wakeup 
sequence of eight active cycles is necessary to ensure proper 
operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the b eginn ing of a memory cycle by two clock s, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 1 -bit address fields. A total of twenty-two address bits, 
eleven rows and eleven columns, will d ecode one of the 
4,194,304 bi t loca tions in the device. RAS active transition is 
followed by CAS active transition (active = V|j_, tR CP m ini- 
mum ) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external ad- 
dresses into th e RA M. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRCD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

Th ere are three other va riation s in add ressin g the 4M RAM : 
RAS only refresh cycle, CAS before RAS refresh cycle, 
and nibble mode. All three are discussed in separate sec- 
tions that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, nibble mode read cycle, read-write cycle, 
and nibble mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V||_j), tRQs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the de vice i s independent of the address multiplex 
window; however, CAS must be active before or at tRCD maxi- 
mum to guarantee valid data out (Q) at tR ac (access time from 
RAS active transition). If the tRQQ maxim um is exceeded, 
read access time is determined by the CAS clock active transi- 
tion (t cAC) - 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tCAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 


tRp to precharge the internal device circuitry for t he ne xt active 
cycle. Q is valid, but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 
will switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, nibble mode early write, and nibble mode 
read-write. Early and late write modes are discussed here, 
while nibble mode write operations are covered in another sec- 
tion. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V||_). Early and late write modes are dis tinguished by the ac- 
tive transition of W, with respect to CAS. Minimum active time 
tRAS and *CAS’ and precharge time tRp apply to write mode, 
as in the read mode. 

An early write cycle is char acter ized by W active transition at 
minimum time ty ycs b efore CAS active transit ion. D ata i n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and tcWL- respectively, after 
the start of the early write operation to complete the cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. This 
feature can be utilized on systems with a common I/O bus, pro- 
vided all writes are performed with early write cycles, to pre- 
vent bus contention. _ 

A l ate wr ite cycle occurs when W active transition is made 
after CAS active transition. W active tr ansit ion could be 
delayed for almost 1 0 microseconds after CAS active transi- 
tion- (tRCD + tcWD + tRWL + 2t T) - tRAS> °ti' ier timing mini- 
mums (tRCD- tRWL- and *T) are maintained. D is referenced to 
W active trans ition in a late write cycle. Output buffers are en- 
abled by CAS active transition but Q may be i ndete rmin ate — 
see note 1 5 of ac operating conditions table. RAS and CAS 
must remain active for tRwi_ and tcWL> respectively, after W 
active transition to complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for tQwo minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

NIBBLE MODE CYCLES 

Nibble mode allows fast successive serial data operations 
at two, three, or four bits of the 4M dynamic RAM. Read access 
time in nibbl e mode (t|s|QAC) is considerably faster than the 
regular RAS clock a ccess time, tRAC- Nibble mode o peration 
consists of keeping RAS active while toggling CAS between 
V|H a nd V||_. T he address of the first nibble bit is la tched by 
RAS and CAS active transitions. Each subsequent CAS ac- 
tive transition increments the row and column addresses inter- 
nally to access the next bit in binary fashion. After the fourth bit 
is accessed, the nibble pattern repeats itself (0,0) (0,1) (1,0) 
(1,1) (0,0) (0,1 ) (1 ,0) (1 ,1 ). . . . The A1 0 address determines the 
starting point of the 4-bit nibble, with row address A1 0 the least 
significant of the (column, row) ordered pair. External ad- 
dresses are ignored after the first nibble bit is selected. 
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A nibble mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior secti ons. O nce the tim- 
ing requirements for the first cycle ar e met , CAS transitions to 
inactive for minim um of t^Qp, while R AS re mains low (V|i_). 
The second CAS active transition while RAS is low initiates the 
first nibble mode cycle (t|sjQ or tNRwc)- Either a read, write, or 
read-write operation can be performed in a nibble mode cycle, 
subject to the same conditions as in normal operation (pre- 
viously described). These operations can be intermixed in 
consecutive nibble mode cycles and performed in any order. 
The maximum number of consecutive nibble mod e cyc les is 
limited by tR/\s- Nibble mode operation ends wh en R AS tran- 
sitions to inactive, coincident with or following a CAS inactive 
transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM54101 A require refresh every 16 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM541 01 A. Burst refresh, a refresh of 
all 1 024 rows consecutively, must be performed every 1 6 milli- 
seconds on the MCM54101A. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (4096) associated with t he pa rticular row de- 
coded. Thre e othe r methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. 


The output buffer remains at the same state it was in during 
the previous cycle (hidden refresh). W mu st be inactive for 
time twRp before and time twRhi after RAS active transition to 
prevent switching the device into test mode. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Ho lding CAS active at the 
end of a read or write cycle, while RAS cycles inactive tRp and 
back to active, starts the hid den r efresh. This is essentially the 
execution of a CAS before RAS refresh from a cycle in prog- 
ress (see Figure 1 ). W is subject to the same conditions with 
respe ct to R AS a ctive transition (to prevent test mode) as in 
CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 
The i nternal r efresh counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. _ 

The test can be performed after a minimum of 8 CAS before 

RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column address, r ead “0 ” out an d write “1 ” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1 024 times. 

3. Read the “1 ”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, 
read “1 ” out a nd wr ite “0” into the cell by performing the 
CAS before RAS refresh counter test, read-write 
cycle. Repeat this operation 1024 times. 

5. Read “0”s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 
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TEST MODE 

The internal organization of this device (51 2K x 8) allows it 
to be tested as if it were a 512K x 1 DRAM. Nineteen of the 
twenty-two addresses are used when operating the device in 
test mode. Row address A1 0, and column addresses AO and 
A1 0 are ignored by the device in test mode. A test mode cycle 
reads and/or writes data to a bit in each of eight 51 2K blocks 
(B0-B7) in parallel. External data out is determined by the in- 


ternal test mode logic of the device. See the following truth 
table and t est mo de blo ck diagram. 

W, CAS before RAS timing puts the devic e in “ Test M ode” 
as s hown in the test mode timing diagram. A CAS before RAS 
or a RAS only refresh cycle puts the device back into n ormal 
mode. Refre sh is performed in test mode by using a W, CAS 
before RAS refresh cycle which uses internal refresh address 
counter. 


TEST MODE TRUTH TABLE 


D 

B0 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

— 




Any Other 




0 


TEST MODE 

AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1,2,3, and 4) 


Parameter 

Symbol 

54101A-60 

54101A-70 

54101A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

fRELREL 

*RC 

115 

— 

135 

— 

155 

— 

ns 

5 

Access Time from RAS 

tRELQV 

tRAC 

— 

65 

— 

75 

— 

85 

ns 

6,7 

Access Time from CAS 

tCELQV 

*CAC 

— 

25 

— 

25 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

l AA 

— 

35 

— 

40 

— 

45 

ns 

6,9 

RAS Pulse Width 

tRELREH 

EES 

65 

10 k 

75 

10k 

85 

10k 

ns 


RAS Hold Time 

tCELREH 

m 

25 

— 

25 

— 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

*CSH 

65 

— 

75 

— 

85 

— 

ns 


CAS Pulse Width 

tCELCEH 

fCAS 

25 

10k 

25 

10k 

25 

10k 

ns 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

— 

40 

— 

45 

— 

ns 



NOTES: 


1 . V|h min and V|i_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V||_. 

2. An initial pause of 200 (is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and V||_ (or between V|[_ and V|r) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpc (min) and fRWC ( min ) are used onl y t0 indi cate cycle time at which proper operation over the full temperature 
range (0°C < T^ < 70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 jiA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and V OL = 0.8 V. 

7. Assumes that tRQp < tRQD (max). 

8. Assumes that tRQD > tRQD (max). 

9. Assumes that tR/\D - *RAD (max). 
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RAS 


CAS 


ADDRESSES 


W 


Q (DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


D (DATA IN) 


Q (DATA OUT) 


TEST MODE - READ CYCLE 


2 



TEST MODE - EARLY WRITE CYCLE 



HIGHZ 
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TEST MODE BLOCK DIAGRAM 


ADDRESSES 



ADDRESSES 
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ORDERING INFORMATION 
(Order by Full Part Number) 




Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns) 
Package (N = 300-mil SOJ, Z - 100-mil Plastic ZIP) 



Full Part Numbers— MCM541 01 AN60 MCM54101AN60R2 MCM54101AZ60 

MCM54101 AN70 MCM54101AN70R2 MCM54101AZ70 

MCM54101 AN80 MCM54101AN80R2 MCM54101AZ80 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


Advance Information 

4M x 1 CMOS Dynamic RAM 

Static Column 


The MCM54102A is a 0.7p CMOS high-speed, dynamic random access 
memory. It is organized as 4,194,304 one-bit words and fabricated with 
CMOS silicon-gate process technology. Advanced circuit design and fine line 
processing provide high performance, improved reliability, and low cost. The 
static column mode feature allo ws co lumn data to be accessed upon the 
column address transition when RAS and CS are held low, similar to static 
RAM operation. 

The MCM54102A requires only 11 address lines; row and column 
address inputs are multiplexed. The device is packaged in standard 300-mil 
J-lead small outline package and a 100-mil zig-zag in-line package (ZIP). 


• Three-State Data Output 

• Static Column Mode 

• Test Mode 

• TTL- Compatible Inputs and Outputs 

• RAS Only Refresh 

• CS Before RAS Refresh 

• Hidden Refresh 

• 1 024 Cycle Refresh: MCM541 02A = 1 6 ms 

• Fast Access Time (tRAc) : 

MCM54102A-60 = 60 ns (Max) 
MCM54102A-70 = 70 ns (Max) 
MCM54102A-80 = 80 ns (Max) 

• Low Active Power Dissipation: 

MCM54102A-60 = 660 mW (Max) 
MCM54102A-70 = 550 mW (Max) 
MCM54102A-80 = 468 mW (Max) 

• Low Standby Power Dissipation: 

MCM54102A = 11 mW (Max, TTL Levels) 
MCM54102A = 5.5 mW (Max, CMOS Levels) 



300-MIL SOJ 

DC 

1 

26 

3 V SS 

WC 

2 

25 

] Q 

RAS[ 

3 

24 

] CS 

NC [ 

4 

23 

] NC 

A10 C 

5 

22 

] A9 

AO C 

9 

18 

] A8 

Alt 

10 

17 

] A7 

A2[ 

11 

16 

] A6 

A3 [ 

12 

15 

] A5 

Vcct 

13 

14 

] A4 


MCM54102A 




Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES 

A0-A10 

Address Input 

D 

Data Input 

Q 

Data Output 

W 

Read/Write Enable 

RAS . . . 

. . Row Address Strobe 

CS . . . . 

Chip Select 

V CC ■ • • 

. . Power Supply (+ 5 V) 

V SS • ■ ■ 

Ground 

NC . . . . 

No Connection 


PIN ASSIGNMENT 


100-MIL ZIP 


A9 

Q 

D 

RAS 

NC 

AO 

A2 

V CC 

A5 

A7 


_ 1 _ 

2 

3 



4 

5 

= _ 

= = 

6 

7 



8 

9 



10 

11 

" 

= = 

12 

13 

= = 


14 

1 5 = 



16 

17 

- = 


18 

19 



20 




CS 

V SS 

W 

A10 

NC 

A1 

A3 

A4 

A6 

A8 


This document contains information on a new product Specifications and information herein are subject to change without notice 
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BLOCK DIAGRAM 



D 


Q 


V CC 

vss 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

VCC 

-1 to +7 

V 

Voltage Relative to Vgs for Any Pin Except Vqq 

v in> v out 

-1 to +7 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

PD 

700 

mW 

Operating Temperature Range 

t a 

0 to +70 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°C 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 


csa 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 


5.5 

■ 

■ 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

mm 

n 

Logic Low Voltage, All Inputs 

V H 

-1.0 

_ 

0.8 

V 



DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 


iffwi 

Vcc Power Supply Current 

‘cci 




2,3 

MCM541 02A-60, t R c = 110 ns 


— 

120 



MCM541 02A-70, t R c = 130 ns 


_ 

100 



MCM54102A-80, t R c = 150 ns 


— 

85 



Vqc Power Supply Current (Standby) (RAS = CS = V| R ) 

! CC2 

— 

2.0 

■EES 


Vqc Power Supply Current During RAS Only Refresh Cycles (CS = V| R ) 

'CC3 



mA 

2,3 

MCM541 02A-60, t R c = 110 ns 



120 



MCM54102A-70, t R c = 130 ns 


■ 

100 



MCM541 02A-80, t R c = 150 ns 


■91 

85 



Vcc Power Supply Current During Static Column Mode Cycle (RAS = CS * Vj(_) 

'CC4 



mA 

2,3 

MCM541 02A-60, t S c = 35 ns 


— 

85 



MCM541 02A-70, tsc = 40 ns 


— 

75 



MCM541 02A-80, tsc = 45 ns 


— 

65 



Vcc Power Supply Current (Standby) (RAS = CS = Vcc -0 - 2 V) 

'CC5 

— 

1.0 



Vcc Power Supply Current During CS Before RAS Refresh Cycle 

*006 



mA 

2 

MCM54102A-60, t R c - 110 ns 


^m 

120 



MCM541 02A-70, t R c * 1 30 ns 



100 



MCM541 02A-80, t R c = 150 ns 


9 

85 



Input Leakage Current (0 V < Vj n < 6.5 V) 

HI 

-10 

10 

pA 


Output Leakage Current (CS = V| R , 0 V < V 0U f < 5.5 V) 

'lKfl(O) 

-10 


pA 


Output High Voltage (Iqh * - 5 mA) 

Vqh 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

— 

0.4 

y„ .1 



CAPACITANCE (f * 1 .0 MHz, = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Esa 

Input Capacitance A0 - A1 0, D 

RAS, CS, W 

Cjn 

5 

pF 

4 

7 

Output Capacitance (CS = V| R to Disable Output) Q 

C Q.Ut ... 

7 

PF 

4 


NOTES: 

1 . All voltage referenced to Vgs- 

2. Current is a function of cycle rate and output loading ; max imum currents are specified cycle time (minimum) with the output open. 

3. Column address can be changed once or less while RAS = V|[_ and CS = V| R . 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 1 0%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54102A-60 

54102A-70 

54102A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle 

Time 

tRELREL 

tRC 

B 

Bj 


— 

150 

B 



Read-Write Cycle Time 



KB 

— 


— 

|Q3i 

— 

ns 

5 

Static Column Mode Cycle Time 



35 

— 


— 

■s 

— 

ns 


Static Column Mode Read-Write 

Cycle Time 

tAVAV 

tSRWC 

60 

B 


— 

B 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

60 

— 


— 

80 

ggB 


Access Time from CS 

tCELQV 

tCAC 

— 

20 

— 


— 

20 

IB 

msm 

Access Time from Column Address 

*AVQV 

tAA 

— 

30 

— 


— 


IB 

KB 

Access Time from Last Write 

tWLQV 

tALW 

— 

55 

— 


— 

75 

| 


CS to Output in Low-Z 




— 

0 

— 

0 

— 

| 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 


0 


0 

20 

IB 


Data Out Hold from Address 

Change 

*AXQX 

tAOH 


— 


— 

B 

— 

ns 


Data Out Enable from Write 

KSBH 

tow 

— 


— 

20 

— 


ns 


Data Out Hold from Write 

BESP?® 

tWOH 

0 

— 

0 

— 

0 

— 

ns 


Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

IB 


RAS Precharge Time 

tREHREL 


40 

— 

50 

— 


— 

UB 


RAS Pulse Width 

tRELREH 

tRAS 



70 



10k 

ns 


RAS Pulse Width (Static Column 

Mode) 



60 


B 




ns 


RAS Hold Time 



20 

— 


— 

20 

— 



CS Hold Time 

tRELCEH 

tCSH 

60 

— 

70 

— 

80 

— 



CS Pulse Width 



20 


EB 

10k 

20 

10k 



CS Pulse Width (Static Column 

Mode) 





B 


20 

200 k 

ns 

B 

RAS to CS Delay Time 

tRELCEL 

tRCD 


i 



20 

60 

IB 

12 

RAS to Column Address Delay 

Time 

tRELAV 

tRAD 



B 


15 

40 

ns 

13 

CS to RAS Precharge Time 

m 

!£BE 

5 


5 


5 

— 




(continued) 


NOTES: 

1 . V|(-| min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|j-| and V|i_. 

2. An initial pause of 200 \is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vm and V||_ (or between Vjl and V||_|) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tRQ (min) and tpvvc ( min ) are used on, y t0 indicate cycle time at which proper operation over the full temperature 
range (0°C < T/y < 70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 ^iA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 
V and V 0L = 0.8 V. 

7. Assumes that tRpp < tRQp (max). 

8. Assumes that tRQp > tRpp (max). 

9. Assumes that tR/\p > tR^p (max). 

1 0. Assumes that t|jwAD - *LWAD (max). 

11 . tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

12. Operation within the tRpp (max) limit ensures that tRAC (max) can be met. tRQp (max) is specified as a reference point only; if tRQp is 
greater than the specified tRpp (max) limit, then access time is controlled exclusively by tQAO 

13. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAP (max) is specified as a reference point only; if tRAp is 
greater than the specified tRAp (max), then access time is controlled exclusively by t^A- 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

54102A-60 

54102A-70 

54102A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

CS Precharge Time (Static 

Column Mode) 

tCEHCEL 

*CP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

*ASR 

0 

— 

0 

— 

0 

— 



Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

10 

— 

mm 


Column Address Setup Time 



0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 


■ ■ 

15 

— 

15 

— 

15 

— 

■s 


Column Address Hold Time 

Referenced to RAS 
(Read Cycle) 

tRELAX 



■ 

■ 

■ 

90 

■ 


■ 

Column Address to RAS Lead 

Time 




B 

H 

B 


B 

ns 


Column Address Hold Time 

Reference to RAS High 



H 

— 


— 


— 


B 

Write Command to CS Lead Time 




— 

20 

— 

20 

— 



Last Write to Column Address 

Delay Time 

tWLAV 

tLWAD 

20 



30 

B 


fit 

B 

Last Write to Column Address 

Hold Time 

tWLAX 

*AHLW 

55 

m 


— 

1 


m 


Read Command Setup Time 

tWHCEL 

tRCS 

0 


0 

— 

0 

— 

m 


Read Command Hold Time 

Referenced to CS 

tCEHWX 

*RCH 

0 

B 

0 

— 

0 

B 

ns 


Read Command Hold Time 

Referenced to RAS 

tREHWX 

tRRH 


— 


|| 


B 

ns 

16 

Write Command Hold Time 

Referenced to CS 

tCELWH 

*WCH 

10 

B 


B 


— 

ns 


Write Command Pulse Width 

*WLWH 

tWP 

10 

— 


— 


— 



Write Command Inactive Time 

*WHWL 

l WI 

10 

— 


— 


— 



Write Command to RAS Lead 

Time 

tWLREH 


20 

— 


B 

20 

B 



Data in Setup Time 



0 

— 

0 

— 

0 

— 


17 

Data in Hold Time 




— 


— 


— 


17 

Refresh Period 



— 

16 

— 

16 

— 




Write Command Setup Time 

*WLCEL 

tWCS 

0 

— 

0 

— 

0 

— 

m 

18 

CS to Write Delay 


*CWD 

20 

— 


— 


— 

iai 

18 

RAS to Write Delay 

tRELWL 

tRWD 

60 

— 

70 

— 

80 

— 


18 

Column Address to Write Delay 

Time 

l AVWL 

tAWD 

30 

— 


— 

40 

— 


18 


(continued) 

NOTES: 

1 4. t/\H must be met for a read cycle. 

1 5. Operation within the tLw/\D ( max ) limit ensures that t^LW can be met - tLWAD ( max ) is specified as a reference point only; if t|_WAD IS greater 
than the specified ty/VAD ( max ) then access time is controlled exclusively by t^A- 

1 6. Either tRR|_| or tRQR must be satisfied for a read cycle. __ 

17. These parameters are referenced to CS leading edge in early write cycles and to W leading edge in read-write cycles. 

1 8. tyvcs- tRWD- fcWD- tAWD> and tCPWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if tyycs - tyvcs ( min )> the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwD - tcWD ( min )> tRWD ^ ^RWD ( min ). tAWD - tAWD ( min )> and tcPWD - tCPWD ( min ) (page mode), the cycle is 
a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 
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2 


RAS 

ADDRESSES 

CS 

W 

Q (DATA OUT) 


Ms 

ADDRESSES 

CS 

W 

D (DATA IN) 

Q (DATA OUT) 


READ CYCLE 



EARLY WRITE CYCLE 
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READ-WRITE CYCLE 
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STATIC COLUMN MODE EARLY WRITE CYCLE (A) 



STATIC COLUMN MODE EARLY WRITE CYCLE (B) 



Q (DATA OUT) 


V 0H~ 

V 0L“ 


HIGHZ 
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RAS 


ADDRESSES 


CS 


W 


D (DATA IN) 


Q (DATA OUT) 


STATIC COLUMN MODE READ-WRITE CYCLE 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 
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HIDDEN REFRESH CYCLE (READ) 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 1 6 milliseconds with the device powered 
up), a wakeup sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the beginning of a memory cycle by the row address strobe 
(RAS) clock, into two separate 1 1 -bit address fields. A total of 
twenty-two address bits, eleven rows and eleven column s, will 
decode one of the 4,194,304 bit locations in the device. RAS 
active transition latches the row address field. Column ad- 
dresses are not latched, hence the “static column” designa- 
tion of this device. Chip selec t (CS ) active transition (active = 
V|i_, tpQD minimum) follows RAS on all read, write, or read- 
write cycles and is independent of column address. The static 
column feature allows greater flexibility in setting up the exter- 
nal column addresses into the RAM. 

Th ere are three other variations in addre ssing the 4M RAM : 
RAS only refresh cycle, CS before RAS refresh cycle, and 
Static Column mode. All three are discussed in separate 
sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, static column mode read cycle, read-write 
cycle, and static column mode read-write cycle. The normal 
read cycle is outlined here, while the other cycles are dis- 
cussed in separate sections. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM,_with RAS active transition latching the desired 
row. The write (W) input level must be high (V||_j), tRQs (mini- 
mum) before the CS active transition, to enable read mode. A 
valid column address can be provided at any time (tRAD m ' n '" 
mum), inde pend ent of the CS active transition. 

Both the RAS and CS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the devicejs independent of the address multiplex 
window. However, CS must be active and column address 
must be valid by tRQp and tRAD maximums, respectiv ely, to 
guarantee valid data out (Q) at tRAC (access time from RAS 
active transition). If either tRpp or tRAP maximum is exceed- 
ed, read access time is determined by the CS clock active 
transiti on (tp AC) jand/or valid column address (tAA)- 

The RAS and CS clocks must remain active for a minimum 
time of tRAS and tps respectively, to complete the r ead c ycle. 
The column address must remain valid forjAH after RAS inac ' 
tive transition to complete the read cycle. W must rem ain hi gh 
throughout the cycle, and for time tRRR or tRQR after RAS or 
CS inactive transiti on, re spectively, to maintain the data at that 
bit location. Once RAS transitions to inactive, it must remain 
inactive for a minimum time of tRp to precharge the internal 
device circuitry for the_next active cycle. Q is valid, but not 
latched, as long as the CS clock is active. When the CS clock 
transitions to inactive, the output will switch to High Z (three- 
state). 


WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, static column mode early write, and static col- 
umn mode read-write. Early and late write modes are dis- 
cussed here, while static column mode write operations are 
covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V||_). Early andtate write modes are distinguished by the ac- 
tive transition of W, with respect to CS leading edge. Minimum 
active time tRAS and tps- and precharge time tRp apply to 
write mode, as in the read mode. 

An early write cycle is characterized by W active transition at 
minimum time twos before CS active transition. Column ad- 
dress set up and hold times (tASC> *CAH)’ and dat a in (D) set 
up and hol d time s (tps> tpn) are referenced to CS in an early 
write cycle. RAS and CS clocks must stay active for tRWL and 
tcwL> respectively, after the start of the early write operation to 
complete the cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CS active transition, keeping data-out buffers disabled. This 
feature can be utilized on systems with a common I/O bus, pro- 
vided all writes are performed with early write cycles, to pre- 
vent bus contention. 

A late write cycle occurs_when W active transition is made 
after CS active transition. W active transition could be delayed 
for almost 1 0 microseconds after CS active transition, (tRpp + 
tCWD + *RWL + 2t j) ^ tRAS> lf other timing minimums (tRQp, 
tRWL> and tj) are maintained JSolumn address and D timing 
parameters are referenced to W active transition in a late write 
cycle. Output buffers are enabled by CS active transition butQ 
may be indeterminate— see note 1 8 of ac operating conditions 
table. Parameters tRWL and tpWL also apply to late write 
cycles. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for \q\ND and/or tAWD minimum, 
to guarantee valid Q before writing the bit. 

STATIC COLUMN MODE CYCLES 

Static column mode refers to multiple successive data oper- 
ations performed at any or all 2048 column locatio ns on t he se- 
lected row of the 4M dynamic RAM during one RAS cycle. 
Read access time of multiple op eratio ns (tAA or l CAC) * s con_ 
siderably faster than the regular RAS clock access time t RAC- 
Multipleoperations can be performed simply by keeping RAS 
active. CS may be tog gled b etween active and inactive states 
at any time within the RAS cycle. 

Once the timing requirem ents fo r the initial read, write, or 
read-write cycle are met and RAS remains low, the device is 
ready for the next operation. Operations can be intermixed in 
any order, at any column address, subject to normal operating 
conditions previously described. Every write operation must 
be clocked with either CS or W, as indicated in static column 
mode early write cycle timing diagrams A and B. Column ad- 
dress and D timing parameters are referenced to the signal 
clocking the write operation. 
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CS must be toggled inactive (tQp) to perform a read opera- 
tion after an early write operation (to turn output on), as indi- 
cated in static column mode read/write mixed cycle timing 
diagram. The maximum number of con secut ive operations is 
limited to tp/vsc- ^he cycle ends when RAS transitions to in- 
active. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM54102A require refresh every 16 milliseconds. 

This is accomplished by cycling through the 1 024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM541 02A. Burst refresh, a refresh of 
all 1 024 rows consecutively, must be performed every 1 6 milli- 
seconds on the MCM54102A. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (4096) associated with t he pa rticular row de- 
coded. Th ree ot her methods of refresh, RAS-only refresh, 
CS before RAS refresh, and hidden refresh are available on 
this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latch- 
ing the row address to be refreshed, while CS remains high 
(V||-j) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CS Before RAS Refresh 

C S befo re RAS refresh is enabled by bringing CS active be- 
fore RAS. This clock order activates an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. 


The output buffer remains at the same state it was in during 
the previous cycle (hidden refresh). W mu st be inactive for 
time ty\/Rp before and time t wrh after RAS active transition to 
prevent switching the device into test mode. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the outp ut pin. Holding CS active the end of 
a read or write cycle, while RAS cycles inactive for tpp and 
back to active, jstarts the hidde n refresh. This is essentially the 
execution of a CSbefore RAS refresh from a cycle in progress 
(see Fig ure 1 ). W is subject to the same conditions with re- 
spect to RAS activ e transition (to prevent test mode cycle) as 
in CS before RAS refresh. 

CS BEFORE RAS REFRESH COUNTER TEST 

Th e intern al refr esh counter of this device can be tested with 
a CS before RAS refresh counter test. This test is performed 
with a read-write operation. During the test, the internal refresh 
counter generates the row address, while the external address 
supplies the column address. The entire array is refreshed af- 
ter 1 024 cycles, as in dicate d by the check data written in each 
row. See CS before RAS refresh counter test cycle timing 
diagram. 

The test can be performed after a minimum of 8 CS before 

RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2 . Select a column address, read “0” out an d writ e “1 ” into 
the cell by performing the CS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1 024 times. 

3. Read the “1 ”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, 
rea d “1 ” out and w rite “0” into the cell by performing the 
CS before RAS refresh counter test, read-write 
cycle. Repeat this operation 1 024 times. 

5. Read “0” which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CS BEFORE RAS CS BEFORE RAS 

MEMORY CYCLE . REFRESH CYCLE . REFRESH CYCLE 







\ 

v /—^ 

v .f-' 

\ / 






\ 

A 





/ 

VALID DATA OUT 

\ 

/ 

— HIGH Z — ■ 

\ 






Figure 1 . Hidden Refresh Cycle 
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TEST MODE 

The internal organization of this device (51 2x8) allows it to 
be tested as if it were a 512K x 1 DRAM. Nineteen of the 
twenty-two addresses are used when operating the device in 
test mode. Row address A1 0, and column addresses AO and 
A1 0 are ignored by the device in test mode. A test mode cycle 
reads and/or writes data to a bit in each of eight 51 2K blocks 
(B0-B7) in parallel. External data out is determined by the 


internal test mode logic of the device. See following truth table 
and test mode b lock d iagram. 

W, CS before RAS timing puts the device in “Test Mode”, 
as sh own in the test m ode t iming diagram. A “CS before 
RAS” refresh cycle or a “RAS only” refresh cycle puts the de- 
vice back in normal mode. Refr esh is performed in test mode 
by using a “W, CS before RAS” refresh cycle which uses the 
internal refresh address counter. 


TEST MODE TRUTH TABLE 


D 

B0 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

Q 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

— 




Any Other 




0 


TEST MODE 

AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54102A-60 

54102A-70 

54102A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle 

Time 

tRELREL 

tRC 

115 

— 

135 

— 

155 

— 

ns 

5 

Static Column Mode Cycle Time 

fAVAV 

l SC 

40 

— 

45 

— 

50 

— 

ns 


Access Time from RAS 

fRELQV 

fRAC 

— 

65 

— 

75 

— 

85 

ns 

6,7 

Access Time from CS 

fCELQV 

*CAC 

— 

25 

— 


— 


ns 

6,8 

Access Time from Column 

Address 



— 


— 


— 



■ 

RAS Pulse Width 





75 

10k 






RAS Pulse Width (Static Column 

Mode) 

tRELREH 



200 k 

75 




Q 

■ 

RAS Hold Time 

tCELREH 



— 

25 

_ 


— 

g 


CS Hold Time 



o 

— 

75 

— 

85 

— 

m 


CS Pulse Width 

tCELCEH 

*CS 

■E 



IQS 

25 





tCELCEH 

fcsc 

25 





M 



Column Address to RAS Lead 

Time 

fAVREH 

*RAL 

35 

— 

40 

— 

45 

— 

ns 



NOTES: 


1 . V|h min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between V|r and Vji_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and Vjl (or between V|i_ and V|r) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tpQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T A < 
70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 
V and V 0L = 0.8 V. 

7. Assumes that tRQQ < tpQQ (max). 

8. Assumes that tRQo > t rqd (max). 

9. Assumes that tR A p £ tR A D (max). 
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MCM54102A 


W, CS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY) 
(D and A0-A10 are Don’t Care) 



TEST MODE - READ CYCLE 
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MCM54102A 


2 


RAS 

ADDRESSES 

CS 

W 

D (DATA IN) 

Q (DATA OUT) 

RAS 

ADDRESSES 

CS 

W 

Q (DATA OUT) 


TEST MODE - EARLY WRITE CYCLE 



TEST MODE - STATIC COLUMN MODE READ CYCLE 
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MCM54102A 


TEST MODE - STATIC COLUMN MODE EARLY WRITE CYCLE (A) 




TEST MODE - STATIC COLUMN MODE EARLY WRITE CYCLE (B) 
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MCM54102A 


TEST MODE BLOCK DIAGRAM 


51 2K BLOCK p 

l on A _ 



B 









TEST MODE 

c 

512K BLOCK 
B1 

B 


>- 

- 

~ 

~ 

- 

- 

- 

— A 




1 




t- 





_ 



—l 




51 2K BLOCK 
B2 


51 2K BLOCK LT 


51 2K BLOCK f I" 
B4 Li- 


51 2K block rr" 
B5 IE- 


51 2K BLOCK kT 
B6 Li- 


BO A10R.A10C.A0C 
B1 A10R. A10C.A0C 
B2 A10R. A10C.A0C 
B3 A10R. A10C. A0C 
B4 A10R. A10C.A0C 
B5 A10R.A10C.A0C 
B6 A10R . A10C . AOC 
B7 A10R, A10C, AOC 


51 2K BLOCK HT 
B7 Lt! — 










MCM54102A 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix - 
Part Number - 


MCM 541 02A X XX XX 

T^TTTL 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns) 

Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP) 


Full Part Numbers— MCM54102AN60 
MCM54102AN70 
MCM541 02AN80 
MCM54102AN10 


MCM541 02AN60R2 
MCM541 02AN70R2 
MCM541 02AN80R2 
MCM541 02AN1 0R2 


MCM54102AZ60 

MCM54102AZ70 

MCM54102AZ80 

MCM54102AZ10 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Product Preview 

256K x 16 CMOS Dynamic RAM 

Fast Page Mode - 1 CAS, 2 Write Enables 

The MCM541 70B is a 0.6p CMOS high-speed, dynamic random access memory. It 
is organized as 262,144 sixteen-bit words and fabricated with CMOS silicon-gate pro- 
cess technology. Advanced circuit design and fine line processing provide high per- 
formance, improved reliability, and low cost. 

The MCM54170B requires only 10 address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 400-mil SOJ plastic package, 
a 100-mil zig-zag in-line package (ZIP), and a 400-mil thin-small-outline-package 
(TSOP). 

• Three-State Data Output 

• Fast Page Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• Self Refresh (MCM5V4170B only) 

• 1024 Cycle Refresh: 

MCM54170B = 16 ms 

MCM5L4170B and MCM5V4170B = 128 ms 

• Fast Access Time (tRAC) 

MCM54170B-70, MCM5L4170B-70, and MCM5V4170B-70 = 70 ns (Max) 
MCM54170B-80, MCM5L4170B-80, and MCM5V4170B-80 = 80 ns (Max) 
MCM54170B-10, MCM5L4170B-10, and MCM5V4170B-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM54170B-70, MCM5L4170B-70, and MCM5V4170B-70 = 385 mW (Max) 
MCM54170B-80, MCM5L41 70B-80, and MCM5V4170B-80 = 330 mW (Max) 
MCM54170B-10, MCM5L4170B-10, and MCM5V4170B-10 = 303 mW (Max) 

• Low Standby Power Dissipation: 

MCM54170B, MCM5L4170B, and MCM5V4170B = 5.5 mW (Max, TTL Levels) 

• Battery Backup Power Dissipation: 

MCM5L41 70B = 1 .7 mW (Max, battery backup mode, tRQ =1 25 ps) 

• Self Refresh Power Dissipation: 

MCM5V4170B = 1 .1 mW (Max, self refresh mode) 


MCM54170B 

MCM5L4170B 

MCM5V4170B 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM54170B»MCM5L4170B»MCM5V4170B 


PIN ASSIGNMENTS - MCM54170B 




256K X 16 DRAM 256K X 16 DRAM 256K X 16 DRAM 

40-Pin 400-mil SOJ 40-Pin 475-mil ZIP 40/44-Pin 400-mil TSOP 


PIN NAMES ; 

A0-A7, A8R, A9R . . Address Input 

DQ0-DQ15 Data Input/Output 

LW, UW Read/Write Enable 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vqc Power Supply (+ 5 V) 

Vgs Ground 

NC No Connection 

G Output Enable 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Product Preview 

256K x 18 CMOS Dynamic RAM 

Fast Page Mode - 1 CAS, 2 Write Enables 


The MCM54190B is a 0.6{i CMOS high-speed, dynamic random access memory. It 
is organized as 262,144 eighteen-bit words and fabricated with CMOS silicon-gate 
process technology. Advanced circuit design and fine line processing provide high 
performance, improved reliability, and low cost. 

The MCM54190B requires only 10 address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 400-mil SOJ plastic package, 
a 100-mil zig-zag in-line package (ZIP), and a 400-mil thin-small-outline-package 
(TSOP). 

• Three-State Data Output 

• Fast Page Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• Self Refresh (MCM5V4190B only) 

• 1024 Cycle Refresh: 

MCM54190B = 16 ms 

MCM5L4190B and MCM5V4190B = 128 ms 

• Fast Access Time (tRAC) 

MCM54190B -70, MCM5L4190B -70, and MCM5V4190B -70 = 70 ns (Max) 
MCM541 90B - 80, MCM5L41 90B - 80, and MCM5V41 90B - 80 = 80 ns (Max) 
MCM541 90B -1 0, MCM5L41 90B -1 0, and MCM5V41 90B -1 0 = 1 00 ns (Max) 

• Low Active Power Dissipation: 

MCM54190B -70, MCM5L4190B -70, and MCM5V4190B -70 = 385 mW (Max) 
MCM541 90B - 80, MCM5L41 90B - 80, and MCM5V41 90B - 80 = 330 m W (Max) 
MCM54190B-10, MCM5L4190B -10, and MCM5V4190B-10 = 303 mW (Max) 

• Low Standby Power Dissipation: 

MCM54190B, MCM5L4190B, and MCM5V4190B = 5.5 mW (Max, TTL Levels) 

• Battery Backup Power Dissipation: 

MCM5L4190B = 1 .7 mW (Max, battery backup mode, tRQ =1 25 {is) 

• Self Refresh Power Dissipation: 

MCM5V4190B = 1 .1 mW (Max, self refresh mode) 


MCM54190B 

MCM5L4190B 

MCM5V4190B 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM54190B*MCM5L4190B»MCM5V4190B 



256K X 18 DRAM 256K X 18 DRAM 256K X 18 DRAM 

40-Pin 400-mil SOJ 40-Pin 475-mil ZIP 40/44-Pin 400-mil TSOP 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Product Preview 

256 K x 16 CMOS Dynamic RAM 

Fast Page Mode - 2 CAS, 1 Write Enable 


MCM54260B 

MCM5L4260B 

MCM5V4260B 


The MCM54260B is a 0.6|x CMOS high-speed, dynamic random access memory. It 
is organized as 262,144 sixteen-bit words and fabricated with CMOS silicon-gate pro- 
cess technology. Advanced circuit design and fine line processing provide high per- 
formance, improved reliability, and low cost. 

The MCM54260B requires only 9 address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 400-mil SOJ plastic package, 
a 100-mil zig-zag in-line package (ZIP), and a 400-mil thin-small-outline-package 
(TSOP). 

• Three-State Data Output 

• Fast Page Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• Self Refresh (MCM5V4260B only) 

• 512 Cycle Refresh: 

MCM54260B = 8 ms 

MCM5L4260B and MCM5V4260B = 64 ms 

• Fast Access Time (tRAC) 

MCM54260B -70, MCM5L4260B -70, and MCM5V4260B -70 = 70 ns (Max) 
MCM54260B - 80, MCM5L4260B - 80, and MCM5V4260B - 80 = 80 ns (Max) 
MCM54260B -1 0, MCM5L4260B -1 0, and MCM5V4260B -1 0 = 1 00 ns (Max) 

• Low Active Power Dissipation: 

MCM54260B -70, MCM5L4260B -70, and MCM5V4260B -70 = 550 mW (Max) 
MCM54260B - 80, MCM5L4260B - 80, and MCM5V4260B - 80 = 468 mW (Max) 
MCM54260B -10, MCM5L4260B -10, and MCM5V4260B -10 = 413 mW (Max) 

• Low Standby Power Dissipation: 

MCM54260B, MCM5L4260B, and MCM5V4260B = 5.5 mW (Max, TTL Levels) 

• Battery Backup Power Dissipation: 

MCM5L4260B = 1.7 mW (Max, battery backup mode, tRQ =125 ps) 

• Self Refresh Power Dissipation: 

MCM5V4260B = 1 .1 mW (Max, self refresh mode) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM54260B»MCM5L4260B»MCM5V4260B 



256K X 16 DRAM 
40-Pin 400-mil SOJ 


256K X 16 DRAM 
40-Pin 475-mil ZIP 


256K X 16 DRAM 
40/44-Pin 400-mil TSOP 









MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

256K x 18 CMOS Dynamic RAM 

Fast Page Mode - 2 CAS, 1 Write Enable 

The MCM54280B is a 0.6jx CMOS high-speed, dynamic random access memory. It 
is organized as 262,144 eighteen-bit words and fabricated with CMOS silicon-gate 
process technology. Advanced circuit design and fine line processing provide high 
performance, improved reliability, and low cost. 

The MCM54280B requires only 9 address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 400-mil SOJ plastic package, 
a 100-mil zig-zag in-line package (ZIP), and a 400-mil thin-small-outline-package 
(TSOP). 

• Three-State Data Output 

• Fast Page Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• Self Refresh (MCM5V4280B only) 

• 512 Cycle Refresh: 

MCM54280B = 8 ms 

MCM5L4280B and MCM5V4280B = 64 ms 

• Fast Access Time (tRAc) 

MCM54280B -70, MCM5L4280B -70, and MCM5V4280B -70 = 70 ns (Max) 
MCM54280B - 80, MCM5L4280B - 80, and MCM5V4280B - 80 = 80 ns (Max) 
MCM54280B -1 0, MCM5L4280B -1 0, and MCM5V4280B -1 0 = 1 00 ns (Max) 

• Low Active Power Dissipation: 

MCM54280B -70, MCM5L4280B -70, and MCM5V4280B -70 = 550 mW (Max) 
MCM54280B - 80, MCM5L4280B - 80, and MCM5V4280B - 80 = 468 mW (Max) 
MCM54280B -1 0, MCM5L4280B -1 0, and MCM5V4280B -1 0 = 41 3 mW (Max) 

• Low Standby Power Dissipation: 

MCM54280B, MCM5L4280B, and MCM5V4280B = 5.5 mW (Max, TTL Levels) 

• Battery Backup Power Dissipation: 

MCM5L4280B = 1 .7 mW (Max, battery backup mode, tRQ =125 ps) 

• Self Refresh Power Dissipation: 

MCM5V4280B = 1.1 mW (Max, self refresh mode) 


MCM54280B 

MCM5L4280B 

MCM5V4280B 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM54280B*MCM5L4280B*MCM5V4280B 



256K X 18 DRAM 256K X 18 DRAM 256K X 18 DRAM 

40-Pin 400-mil SOJ 40-Pin 475-mil ZIP 40/44-Pin 400-mil TSOP 



A0-A8 

Address Input 

V CC • ■ 

Power Supply (+ 5 V) 

DQ0-DQ17 . 

Data Input/Output 

v ss 

Ground 

W 

Read/Write Enable 

NC 


RAS 

LCAS, UCAS 

. . . Row Address Strobe 
Column Address Strobe 

G 

Output Enable 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 

1M x 4 CMOS Dynamic RAM 

Fast Page Mode 

The MCM54400A is a 0.7p. CMOS high-speed, dynamic random access memory. It 
is organized as 1 ,048,576 four-bit words and fabricated with CMOS silicon-gate pro- 
cess technology. Advanced circuit design and fine line processing provide high per- 
formance, improved reliability, and low cost. 

The MCM54400A requires only 10 address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 300 J-lead small outline pack- 
age, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Fast Page Mode 

• Test Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1 024 Cycle Refresh: MCM54400A = 1 6 ms 

MCM5L4400A = 128 ms 

• Fast Access Time (tpAC) 

MCM54400A-60 and MCM5L4400A-60 = 60 ns (Max) 

MCM54400A-70 and MCM5L4400A-70 = 70 ns (Max) 

MCM54400A-80 and MCM5L4400A-80 = 80 ns (Max) 

• Low Active Power Dissipation: 

MCM54400A-60 and MCM5L4400A-60 = 660 mW (Max) 

MCM54400A-70 and MCM5L4400A-70 = 550 mW (Max) 

MCM54400A-80 and MCM5L4400A-80 = 468 mW (Max) 

• Low Standby Power Dissipation: 

MCM54400A and MCM5L4400A = 11 mW (Max, TTL Levels) 

MCM54400A = 5.5 mW (Max, CMOS Levels) 

MCM5L4400A = 1 .1 mW (Max, CMOS Levels) 


MCM54400A 

MCM5L4400A 




Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES 

A0-A9 . . . . 

Address Input 

DQ0-DQ3 

Data Input/Output 

G 

Output Enable 

W 

Read/Write Enable 

RAS 

Row Address Strobe 

CAS 

. . Column Address Strobe 

v cc 

Power Supply (+ 5 V) 

v ss 

Ground 


PIN ASSIGNMENT 
100-MIL ZIP 


300-MIL SOJ 



G 

DQ2 

v ss| 

DQ1 

RAS 

AO 

A2 

V CC 

A5 

A7 


J s 

2 

3 



4 

5 

3 3 


6 

7 



8 

9 

" 


10 

11 



12 

13 

ss 


It 

15. 

16 

17 

” 


i 8 » 

1 9 » 

»°« 


CAS 

DQ3 

DQO 

W 

A9 

A1 

A3 

A4 

A6 

A8 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM54400A* MCM5L4400A 


BLOCK DIAGRAM 


CAS- 


A0- 
A1 - 
A2- 
A3- 
A4- 
A5- 
A6- 
A7 - 
A8- 
A9- 


RAS- 




NO. 2 CLOCK 
GENERATOR 


K COLUMN 
) ADDRESS 
"V BUFFERS (10) 


a 




REFRESH 
CONTROLLER/ 
COUNTER (10) 


V ROW ADDRESS 
BUFFERS (10) 

* l -e= 


NO. 1 CLOCK 
GENERATOR 


DQ0-DQ3 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


§o 

OO 

CEO 


K I COLUMN 
N DECODER 


1024x4 


SENSE AMP 
I/O GATING 


1024x4 


MEMORY 

ARRAY 

1024x1024x4 


SUBSTRATE 

BIAS 

GENERATOR 


" V CC 

-v ss 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vgs for Any Pin Except Vqq 

v in ,v out 

-1 to +7 

V 

Data Out Current 

lout 

50 

mA 

Power Dissipation 

Pd 

700 

mW 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

Istg 

-55 to +150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. 
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MCM54400A* MCM5L4400A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.0 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

<CC1 



mA 

2,3 

MCM54400A-60 and MCM5L4400A-60, t R Q = 110 ns 


— 

120 



MCM54400A-70 and MCM5L4400A-70, t R Q = 130 ns 


— 

100 



MCM54400A-80 and MCM5L4400A-80, t RC = 150 ns 


— 

85 



Vqq Power Supply Current (Standby) (RAS=CAS=V| R ) 

'CC2 

— 

2.0 

mA 


Vqq Power Supply Current During RAS Only Refresh Cycles (CAS = V||_|) 

'CC3 



mA 

2,3 

MCM54400A-60 and MCM5L4400A-60, t R Q = 110 ns 


— 

120 



MCM54400A-70 and MCM5L4400A-70, t R Q = 130 ns 


— 

100 



MCM54400A-80 and MCM5L4400A-80, t R Q = 150 ns 


— 

85 



Vcc Power Supply Current During Fast Page Mode Cycle (RAS = V||_) 

'CC4 



mA 

2,3 

MCM54400A-60 and MCM5L4400A-60, t PC = 45 ns 


— 

70 



MCM54400A-70 and MCM5L4400A-70, t P Q = 45 ns 


— 

70 



MCM54400A-80 and MCM5L4400A-80, t P Q = 50 ns 


— 

60 



Vqq Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) 

*CC5 





MCM54400A 


— 

1.0 

mA 


MCM5L4400A 


— 

200 

pA 


Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

*CC6 



mA 

2 

MCM54400A-60 and MCM5L4400A-60, t R Q = 110 ns 


— 

120 



MCM54400A-70 and MCM5L4400A-70, t R Q = 130 ns 


— 

100 



MCM54400A-80 and MCM5L4400A-80, t RC = 150 ns 


— 

85 



Vqq Power Supply Current, Battery Backup Mode— MCM5L4400A Only 

'CC7 

— 

300 

pA 

2,4 

(t R Q = 125 \is ; CAS = CAS Before RAS Cycling or 0.2 V; G, W = Vqq - 0.2 V; 






A0-A9 = Vqq - 0.2 V or 0.2 V; DQ0-DQ3 = Vqq - 0.2 V or 0.2 V or OPEN; 






t RAS = Min toljis) 






Input Leakage Current (0 V < Vj n < 6.5 V) 

>lka(n 

-10 

10 

ha 


Output Leakage Current (CAS = V||_|, 0 V < V 0U f < 5.5 V) 

'lkfl(O) 

-10 

10 

HA 


Output High Voltage (Iqh = - 5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A9 

G, RAS, CAS, W 

Cin 

5 

PF 

5 

7 

I/O Capacitance (CAS = V| R to Disable Output) DQ0-DQ3 

Ci/o 

7 

PF 

5 


NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading ; max imum curr ents are specified cycle time (minimum) with the output open. 

3. Column address can be changed once or less while RAS = V||_ and CAS = Vm- 

4. tRAS ( m a x ) = 1 ps is only applied to refresh of battery-back up. t RA s ( m ax) = 10 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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MCM54400A* MCM5L4400A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T a = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54400A-60 

5L4400A-60 

54400A-70 

5L4400A-70 

54400A-80 

5L4400A-80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

*RC 

110 

— 

130 

— 

150 

— 

ns 

5 

Read-Write Cycle Time 

tRELREL 

tRWC 

165 

— 

185 

— 

205 

__ 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

45 

— 

50 

— 

ns 


Fast Page Mode Read-Write Cycle 

Time 

tCELCEL 

tpRWC 

95 

— 

100 

— 

105 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

60 

— 

70 

— 

80 

ns 

6,7 

Access Time from CAS 

tCELQV 

*CAC 

— 

20 

— 

20 

— 

20 

ns 

6,8 

Access Time from Column Address 

*AVQV 

*AA 

— 

30 

— 

35 

— 

40 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

*CPA 

— 

40 

— 

40 

— 

45 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tQFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

40 

— 

50 

— 

60 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

60 

10k 

70 

10k 

80 

10k 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

60 

200 k 

70 

200 k 

80 

200 k 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

20 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

60 

— 

70 

— 

80 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

WEM 

— 

40 

— 

45 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

mm 


20 


20 




RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

40 

20 

50 

20 

60 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

30 

15 

35 

15 

40 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

5 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tcp 

10 

— 

10 


10 

— 

ns 



(continued) 


NOTES: 

1 . V||_| min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V|j_. 

2. An initial pause of 200 jis is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vjh and V||_ (or between V||_ and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tR q (min) and tRwc (min) are used on| y to indicate cycle time at which proper operation over the full temperature 
range (0°C < T A < 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 v 
and Vql = 0.8 V. 

7. Assumes that tRQp < tRQp (max). 

8. Assumes that tRCD ^ tRCD (max). 

9. Assumes that tRAD - tRAD (max). 

1 0. tQFF (max) ana/or tQZ (max) define the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

11 . Operation within the tRQQ (max) limit ensures that tR A Q (max) can be met. tRQp (max) is specified as a reference point only; if tRQp is 
greater than the specified tRQp (max) limit, then access time is controlled exclusively by tQ A c- 

1 2. Operation within the tR A p (max) limit ensures that tR A c (max) can be met. tRAD (max) is specified as a reference point only; if tp A D is 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by t AA - 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 





54400A-60 

54400A-70 

54400A-80 




Symbol 

5L4400A-60 

5L4400A-70 

5L4400A-80 



Parameter 

Std 







Max 



Row Address Setup Time 



0 

_ 



0 

— 

0 

— 

nil 


Row Address Hold Time 



10 



— 

10 

— 

i 


Column Address Setup Time 

■MS5I 

l ASC 

0 

— 

0 

— 

0 

— 



Column Address Hold Time 


tCAH 

15 

— 


— 

15 

— 

i 


Column Address to RAS Lead Time 

l AVREH 

tRAL 


— 

■E3E 

— 

40 

— 

i 


Read Command Setup Time 



0 

— 

° 

— 

0 

— 

i 


Read Command Hold Time 

Referenced to CAS 




H 


— 


— 


13 

Read Command Hold Time 

Referenced to RAS 



1 

— 



E 

H 



Write Command Hold Time 

Referenced to CAS 



1 

— 



m 

— 



Write Command Pulse Width 



10 

— 



15 

— 

■s 





20 

— 

20 

— 


— 

n 



EfflH9!B 

*CWL 

20 

— 


— 

20 

— 

m 





0 

— 

0 

— 

0 

— 

m 

14 

Data in Hold Time 

ESH 



— 


— 

15 

— 

i 

14 

Refresh Period MCM54400A 

tRVRV 


— 


— 




ms 


MCM5L4400A 

— 


— 


■ 




Write Command Setup Time 

tWLCEL 



— 

0 

— 

0 

— 

ns 

15 

CAS to Write Delay 

tCELWL 



— 


— 


— 

m 

15 

r'i" n if \m n p— — 



■ 

— 

100 

— 

110 

— 

m 

15 

Column Address to Write Delay Time 

*AVWL 


60 

— 

65 

— 

70 

— 

M 

mm 

CAS Precharge to Write Delay Time 

tCEHWL 

tCPWD 

70 

■m 


__| 


__ 


n 

(Page Mode) 






m 




■ ■ 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

tCSR 

5 

H 


— 

B 

— 



CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 



II 


— 


— 



RAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

— 

0 

— 

u 


CAS Precharge Time for CAS Before 

tCEHCEL 

*CPT 




■ 


— 



RAS Counter Time 






i 





RAS Hold Time Referenced to G 

tGLREH 

tROH 

10 

— 

10 

— 

10 

— 

ns 


G Access Time 

tGLQV 

tGA 

— 

20 

— 

20 

— 

20 

ns 


G to Data Delay 

tGLHDX 

tGD 

20 

— 

20 

— 

20 

— 

ns 


Output Buffer Turn-Off Delay Time 
from G 

tGHQZ 

tGZ 

0 

20 

0 

20 

0 

20 

ns 

10 


(continued) 


NOTES: 

1 3. Either tRRH or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write or read-write cycles. 

1 5. twcs- tRWD* tCWD> *AWD> and tCPWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if tyvcs - twCS ( min )> the c y c,e < s an early write cycle and the data out P' n will remain open circuit (high impedance) throughout 
the entire cycle; if tcwD - tcWD (min), tRWD ^ tRWD ( min ). ^AWD - ^AWD (min), and tcpWD ^ tQPWD ( min ) (P a 9 e mode), the cycle is 
a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

54400A-60 

5L4400A-60 

54400A-70 

5L4400A-70 

54400A-80 

5L4400A-80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

G Command Hold Time 

tWLGL 

*GH 

20 

— 

20 

— 

20 

— 

ns 


Write Command Setup Time (Test 

Mode) 

tWLREL 

*WTS 

10 

— 

10 

— 

10 

— 

ns 


Write Command Hold Time (Test 

Mode) 

tRELWH 

*WTH 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Precharge Time (CAS 
Before RAS Refresh) 

tWHREL 

*WRP 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Hold Time (CAS Before 
RAS Refresh) 

tRELWL 

*WRH 


— 

10 

— 

10 

— 

ns 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE EARLY WRITE CYCLE 
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FAST PAGE MODE READ-WRITE CYCLE 


2 
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RAS^ONLY REFRESH CYCLE 
(W and G are Don’t Care) 


' 

u 

t RC •» 

I t RAS ► •* 1 RP *• 

v |H — 1 

RAS V 

V IL ~ 

l CRP H 

s. 

/ \ . 

— 1 RPC -*H 

{ RAH ' — 

l ASR — 



“;:_xxxx)<;^ 

BHHHH 


CAS BEFORE RAS REFRESH CYCLE 
(G and A0-A9 are Don’t Care) 
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HIDDEN REFRESH CYCLE (READ) 




HIDDEN REFRESH CYCLE (EARLY WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 1 6 milliseconds or 1 28 milliseconds in case 
of low power device with the device powered up), a wakeup se- 
quence of eight active cycles is necessary to ensure proper 
operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 0-bit address fields. A total of twenty address bits, ten 
rows and ten column s, will decode one of the 1 ,048,576 bit lo- 
cations in the device. RAS active transition is followed by CAS 
active transition (active = V|j_, tR CD m ini mum) for all read or 
write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. _ _ _ _ 

The external CAS signal is ignored until an internal RAS sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

The re are three other variations in addressing the 1 M x 4 
RAM: RAS only refresh cycle, CAS before RAS refresh 
cycle, and page mode. All three are discussed in separate 
sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V||_|), tRQS (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of th e dev ice is independent ofthe address multiplex 
wind ow. Bo th CAS and output enable (G) control read access 
time: CAS must be active before or at tRQp maxi mum and G 
must be active tRAC _t GA (both minimum) after RAS active 
tran sition to guarantee valid data out (Q) at tRAC (access time 
from RAS active transition). IfthetRQD maximum is exceeded 
and/or G active transition does not oc cur in time, read access 
time is determined by either the CAS or G clock active transi- 
tion (t C AC or t GA)- 

The RAS and CAS clocks must remain active for a minimum 
time ofjRAS an d tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRf-| or tRCH af ter RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 


tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry forth e nex t active 
cycle. Q is valid, but not latched, as lon g as the CAS and G 
clocks are active. When either the CAS or G clock transitions 
to inactive, the output will switch to High Z (three-state) tQFF or 
tQZ a ^ er tbe inactive transition. 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered in a separate section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V||_). Early and late write modes are dis tinguished by the ac- 
tive transition of W, with respect to CAS. Minimum active time 
*RAS ancl tCAS’ anb precharge time tRp apply to write mode, 
as in the read mode. 

An early write cycle is cha racter ized by W active transition at 
minimum time tyvcsbefore CAS active transit ion. D ata i n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active fortRvv/L and tcWL- respectively, after 
the start of the early write operation to complete the cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers and G dis- 
abled. __ 

A late write cycle (referred to as G-c ontro lled write) occurs 
when W active transition is made after CAS active transition. 
W active t ransit ion could be delayed for almost 10 microsec- 
onds after CAS active transition, (tRQp + tQWD + tRWL + 2tf) 
< tRAS> if other timing minimums (tRQp, tRWL> and tj) are 
maintained. D is referenced to W acti ve tra nsition in a late write 
cycle. Output buffers are enabled by CAS active transition but 
outputs are switched off by G inactive transition, which is re- 
quired to write to the device. Q may be indet ermi nate — see 
note 1 5 of ac operating conditions table. RAS and CAS must 
remain active for tRWL and fc WL> respectively, after W active 
transition to complete the write cycle. G must remain inactive 
for tQH a ff er W active transition to complete the write cycle. 
READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for tpwp minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 
PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1 024 column locations on a selected row of the 1 M x 4 dynam- 
ic RAM. Read acces s time in page mode (tQAc) is typically 
half the regular RAS clock acces s time, tRAC- Page mode op- 
eration consists of keeping RAS active whil e tog gling CAS be- 
tween V||_| and V|[_. The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior secti ons. O nce the tim- 
ing requirements for the first cycl e are met, CAS transitions to 
inactive for m inimum tcp, while R AS re mains low (V||_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpp or tpRwc)- Either a read, write, or read- 
write operation can be performed in a page mode cycle, sub- 
ject to the same conditions as in normal operation (previously 
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described). These operations can be intermixed in consecu- 
tive page mode cycles and performed in any order. The maxi- 
mum number of consecutive page mode cyc les is limited by 
tRASP- Page mode operation is ende d whe n RAS transitions 
to inactive, coincident with or following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM54400A require refresh every 1 6 milliseconds, while 
refresh time for the MCM5L4400A is 128 milliseconds. 

This is accomplished by cycling through the 1 024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 1 5.6 
microseconds for the MCM54400A, and 124.8 microseconds 
for the MCM5L4400A. Burst refresh, a refresh of all 1 024 rows 
consecutively, must be performed every 16 milliseconds on 
the MCM54400A and 1 28 milliseconds on the MCM5L4400A. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (4096) associated with t he pa rticular row de- 
codes. Thre e othe r methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|r) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in dur- 


ing the previous cycle (hidden refresh) . W m ust be inactive for 
time ty\/Rp before and time twRR after RAS active transition to 
prevent switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1). W is subject to the same conditions 
with respec t to R AS ac tive t ransition (to prevent test mode 
entry) as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 

cycle timing diagram. 

Th e test can be performed after a minimum of eight CAS be- 
fore RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column address, r ead “0 ” out an d write “1 ” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1024 times. 

3. Read the “1 ”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, 
read “1 ” out a nd wr ite “0” into the cell by performing the 
CAS before RAS refresh counter test, read-write 
cycle. Repeat this operation 1024 times. 

5. Read “0”s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 





RAS ^ 

V / 1 


\ / 



i 


CAS 

non nno liiolj 7 — 

\ 

/ 





/ 

VALID DATA OUT 

V- 

UUU-UUo — — nlbri L 

\ 

r 



Figure 1. Hidden Refresh Cycle 
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TEST MODE 

The internal organization of this device (51 2K x 8) allows it 
to be tested as if it were a 512K x 4 DRAM. Nineteen of the 
twenty addresses are used when operating the device in test 
mode. Column address AO is ignored by the device in test 
mode. A test mode cycle reads and/or writes data to a bit in 
each of eight 51 2K blocks (B0-B7) in parallel. External data 
out is determined by the internal test mode logic of the device. 


TEST MODE TRUTH TABLE 


D 

B0, B1 

B2, B3 

B4, B5 

B6, B7 

Q 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

- 


Any Other 


0 


See f ollow ing trut h tab le and test mode block diagram. 

W, CAS before RAS timing puts the devic e in ’’T est M ode” 
as s hown in the test mode timing diagram. A CAS before RAS 
or a RAS only refresh cycle puts the device back into n ormal 
mode. Refre sh is performed in test mode by using a W, CAS 
before RAS refresh cycle which uses internal refresh address 
counter. 


TEST MODE 

AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54400A-60 

5L4400A-60 

54400A-70 

5L4400A-70 

54400A-80 

5L4400A-80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

fRELREL 

fRC 

115 

— 

135 

— 

155 

— 

ns 

5 

Fast Page Mode Cycle Time 

fCELCEL 

tpc 

50 

— 

50 

— 

55 

— 

ns 


Access Time from RAS 

fRELQV 

*RAC 

— 

65 

— 

75 

— 

85 

ns 

6,7 

Access Time from CAS 

fCELQV 

tCAC 

— 

25 

— 

25 

— 

25 

ns 

6,8 

Access Time from Column Address 

fAVQV 

*AA 

— 

35 

— 

40 

— 

45 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

fCPA 

— 

45 

— 

45 

— 

50 

ns 

6 

RAS Pulse Width 

fRELREH 

fRAS 

65 

10k 

75 

10k 

85 

10k 

ns 


RAS Pulse Width (Fast Page Mode) 

fRELREH 

fRASP 

65 

200 k 

75 

200 k 

85 

200 k 

ns 


RAS Hold Time 

fCELREH 

fRSH 

25 

— 

25 

— 

25 

— 

ns 


CAS Hold Time 

fRELCEH 

l CSH 

65 

— 

75 

— 

85 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

45 

— 

45 

— 

50 

— 

ns 


CAS Pulse Width 

fCELCEH 

fCAS 

25 

10k 

25 

10k 

25 

10k 

ns 


Column Address to RAS Lead Time 

*AVREH 

fRAL 

35 

— 

40 

— 

45 

— 

ns 



NOTES: 


1. V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and V||_ (or between V||_ and V|r) in a monotonic manner. 

4. AC measurements ty = 5.0 ns. 

5. The specifications for tpQ (min) and tRwc ( min ) are used on, y t0 indicate c y c,e time at which proper operation over the full temperature 
range (0°C < Ta < 70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tRCD ^ tRCD (max). 

8. Assumes that tRQp > tRQQ (max). 

9. Assumes that tRAD ^ tRAD (max). 
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TEST MODE-READ CYCLE 
(G = Low) 




TEST MODE-EARLY WRITE CYCLE 


RAS V IH ‘ 


CAS V|H ' 


V„ - 


ADDRESSES 


S V| H- 
V„ - 


V.u- 


m v IH 


V„ - 


g v ih- 


DQ0-DQ3 



t L> 

l DSr*“ 


DH" 



VALID 


L 

DATA IN 

J 


■ HIGHZ 
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2 


RAS 


CAS 


ADDRESSES 


WE 


Q (DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


G 


DQ0-DQ3 


TEST MODE-FAST PAGE MODE READ CYCLE 
(G = Low) 



TEST MODE-FAST PAGE MODE EARLY WRITE CYCLE 
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TEST MODE BLOCK DIAGRAM 
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ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 54400 A or 5L4400A X XX XX 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns) 
Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP) 


Full Part Numbers— MCM54400AN60 
MCM54400AN70 
MCM54400AN80 


MCM54400AN60R2 

MCM54400AN70R2 

MCM54400AN80R2 


MCM54400AZ60 
MCM54400AZ70 
MCM 54400 AZ80 


MCM5L4400AN60 

MCM5L4400AN70 

MCM5L4400AN80 


MCM5L4400AN60R2 

MCM5L4400AN70R2 

MCM5L4400AN80R2 


MCM5L4400AZ60 

MCM5L4400AZ70 

MCM5L4400AZ80 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


Advance Information 

1M x 4 CMOS Dynamic RAM 

Fast Page Mode 

Operating Temperature - 40°C to + 85°C 


The MCM54400A is a 0.7ji CMOS high-speed, dynamic random access memory. It 
is organized as 1 ,048,576 four-bit words and fabricated with CMOS silicon-gate pro- 
cess technology. Advanced circuit design and fine line processing provide high per- 
formance, improved reliability, and low cost. 

The MCM54400A requires only 10 address lines; row and column address inputs 
are multiplexed. The device is packaged in standard 300-mil small outline J-lead 
(SOJ) and 100-mil zig-zag in-line (ZIP) package. 


• Three-State Data Output 

• Fast Page Mode 

• Test Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1 024 Cycle Refresh: MCM54400A = 1 6 ms 

• Fast Access Time (tRAC) 

MCM54400A-C70 = 70 ns (Max) 
MCM54400A-C80 = 80 ns (Max) 

• Low Active Power Dissipation: 

MCM54400A-C70 = 550 mW (Max) 
MCM54400A-C80 = 468 mW (Max) 

• Low Standby Power Dissipation: 

MCM54400A = 11 mW (Max, TTL Levels) 
MCM54400A = 5.5 mW (Max, CMOS Levels) 


300-MIL SOJ 


DQO 

DQ1 

W 

RAS 

A9 

AO 

A1 

A2 

A3 

V CC 



MCM54400A-C 



PIN NAMES 


A0-A9 Address Inputs 

DQ0-DQ3 Data Input/Output 

G^ Output Enable 

W Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vqq Power Supply (+ 5 V) 

Vgs Ground 


PIN ASSIGNMENT 
100-MIL ZIP 

of 


DQ2 

V SS 

DQ1 

Ms 

AO 

A2 

VCC 

A5 

A7 


L 

2 

3 



4 

5 

= = 

= * 

6 

7 



8 

9 



10 

11 


= ■ 

12 

13 

* = 

= s 

14 

15 



16 

17 

= = 


18 

19 
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= = 


CAS 

DQ3 

DQO 

W 

A9 

A1 

A3 

A4 

A6 

A8 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM54400A-C 


BLOCK DIAGRAM 


W - 


CAS- 


A0- 
A1 - 
A2 - 
A3 - 
A4- 
A5- 
A6- 
A7- 
A8- 
A9- 


RAS- 


3 => 


NO. 2 CLOCK 
GENERATOR 


ffl 


COLUMN 
ADDRESS 
BUFFERS (10) 


REFRESH 
CONTROLLER/ 
COUNTER (10) 


ROW ADDRESS 
jj BUFFERS (10) 


NO. 1 CLOCK 
GENERATOR 


DQ0-DQ3 


DATA IN 
BUFFER 


TT 


DATA OUT 
BUFFER 


§Q 
O O 


1024 


COLUMN 

DECODER 


1024x4 


SENSE AMP 
I/O GATING 


1024x4 


MEMORY 

ARRAY 

1024x1024x4 


SUBSTRATE 

BIAS 

GENERATOR 


' V CC 

■ v ss 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vss for An Y Pin Except Vqq 

v in> v out 

-1 to +7 

V 

Data Out Current 

*out 

50 

mA 

Power Dissipation 

p D 

700 

mW 

Operating Temperature Range 

Ta 

- 40 to + 85 

°C 

Storage Temperature Range 

Istg 

-55 to +150 

°C 
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MCM54400A-C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, Ta = - 40 to 85°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.0 

V 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqq Power Supply Current 

>CC1 



mA 

2,3 

MCM54400A-C70, t RC = 130 ns 


— 

100 



MCM54400A-C80, t R Q = 150 ns 


— 

85 



Vqq Power Supply Current (Standby) (RAS=CAS=V|r) 

'CC2 

— 

2.0 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles (CAS=V|r) 

'CC3 



mA 

EO 

MCM54400A-C70, t R Q = 130 ns 


— 

100 


■ 

MCM54400 A-C80 , t R Q = 150 ns 


— 

85 


■ ■ 

Vqq Power Supply Current During Fast Page Mode Cycle (RAS = V|l) 

•CC4 



mA 


MCM54400A-C70, t P Q = 45 ns 


— 

70 



MCM54400A-C80, t P Q = 50 ns 


— 

60 



Vqq Power Supply Current (Standby) (RAS"= CAS"= Vqq - 0.2 V) MCM54400A-C 

'CC5 

— 

1.0 

mA 


Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

! CC6 





MCM54400A-C70, t R Q = 130 ns 


— 

100 

in 


MCM54400A-C80, tRQ = 150 ns 


— 

85 

■ 


Input Leakage Current (0 V < Vj n < 6.5 V) 

! lka(l) 

-10 

10 

MM 


Output Leakage Current (CAS = Vjr, 0 V < V out < 5.5 V) 

'lka(O) 

-10 

10 

■ 


Output High Voltage (Iqh = - 5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

VOL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, Ta = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A9 

G, RAS, CAS, W 

c in 

5 

PF 

5 

7 

I/O Capacitance (CAS = V|r to Disable Output) DQ0-DQ3 

C l/Q 

7 

PF 

5 


NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading ; max imum curr ents are specified cycle time (minimum) with the output open. 

3. Column address can be changed once or less while RAS = Vjl and CAS = V|n- 

4. tRAS ( max ) = 1 ps is only applied to refresh of battery-back up. tRAS (max) = 10 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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MCM54400A-C 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T/\ = - 40 to 85°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM54400A-C70 

MCM54400A-C80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

— 

150 

- 

ns 

5 

Read-Write Cycle Time 

tRELREL 

*RWC 

185 

— 

205 

— 


5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

50 

— 



Fast Page Mode Read-Write Cycle Time 

tCELCEL 

tpRWC 

100 

— 

105 

— 

B3S 


Access Time from RAS 

tRELQV 

*RAC 

— 

70 

— 

80 

un 

■sa 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

ns 

6.8 

Access Time from Column Address 

*AVQV 

*AA 

— 

35 

— 

40 


EH 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

40 

— 

45 


6 

CAS to Output in Low-Z 

tCELQX 

*CLZ 

0 

— 

0 

— 


6 

Output Buffer and Turn-Off Delay 

l CEHQZ 

tOFF 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

(ESS 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

— 

m 


RAS Pulse Width 

tRELREH 

tRAS 

70 


80 

1^31 



RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 


80 

Ki U 



RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 



CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 



CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 

45 

— 

u 


CAS Pulse Width 

tCELCEH 

tCAS 

20 


20 


Bim 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

9 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 


12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 



CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 

10 

— 

Si 


Row Address Setup Time 


tASR 


— 

0 

- 



Row Address Hold Time 


tRAH 

10 

— 

10 

— 

MUBB 


Column Address Setup Time 



0 

— 

0 

— 

9 


Column Address Hold Time 


tCAH 

15 

— 

15 

— 

Si 


Column Address to RAS Lead Time 


tRAL 

35 

— 

40 

— 



Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

- 

ns 



(continued) 


NOTES: 

1 . V|h min and V|[_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vm and V|[_ (or between V|[_ and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpQ (min) and tRwc (min) are used on| y to indicate cycle time at which proper operation over the full temperature 
range (- 40°C < T/y < 85°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 |aA, + 4 mA) loads and 100 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tRQD £ tpQQ (max). 

8. Assumes that tRQD > tpQQ (max). 

9. Assumes that tpAD ^ tRAD (max). 

1 0. tQFF (max) ana/or tQZ (max) define the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

11 . Operation within the tRQD (max) limit ensures that tR^C (max) can be met. tRQD (max) is specified as a reference point only; if tROD is 
greater than the specified tRQD (max) limit, then access time is controlled exclusively by tQAQ. 

1 2. Operation within the tRAD (max) limit ensures that tRAQ (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by t^A- 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM54400A-C70 

MCM54400A-C80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Read Command Hold Time Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 


13 

Read Command Hold Time Referenced to RAS 

tREHWX 


0 

— 

0 

— 

U9I 

13 

Write Command Hold Time Referenced to CAS 

tCELWH 

tWCH 

15 

— 

15 

— 



Write Command Pulse Width 

*WLWH 

t W p 

15 

— 

15 

— 



Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

20 

— 



Write Command to CAS Lead Time 

tWLCEH 

tCWL 

20 

— 

20 

_ 



Data in Setup Time 

tDVCEL 

tDS 

0 

— 

0 

— 


14 

Data in Hold Time 

tCELDX 

tDH 

15 

— 

15 

— 


14 

Refresh Period MCM54400A-C 

tRVRV 

tRFSH 

— 

16 

— 

16 

Em 


Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 


mm 

CAS to Write Delay 

tCELWL 

tCWD 

50 

— 

50 

— 


mm 

RAS to Write Delay 

tRELWL 

tRWD 

100 

— 

110 

— 

[jjj 

mm 

Column Address to Write Delay Time 

*AVWL 

tAWD 

65 

— 

70 

— 

s 

15 

CAS Precharge to Write Delay Time (Page Mode) 

tCEHWL 

tCPWD 

70 

— 

75 

— 


mm 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 


5 

— 

5 

— 



CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 



RAS Precharge to CAS Active Time 

tREHCEL 


0 

— 

0 

— 



CAS Precharge Time for CAS Before RAS Counter 
TEST 




— 


— 

ns 


RAS Hold Time Referenced to G 

tGLREH 


10 

— 

10 

— 

ns 


G Access Time 

tGLQV 


— 

20 

— 

20 



G to Data Delay 

tGLHDX 


20 

— 

20 

— 



Output Buffer Turn-Off Delay Time from G 

tGHQZ 


0 


0 

20 


10 

G Command Hold Time 

tWLGL 


20 

— 

20 

— 



Write Command Setup Time (Test Mode) 

tWLREL 

tWTS 

10 

— 

10 

— 



Write Command Hold Time (Test Mode) 



10 

— 

10 

— 



Write to RAS Precharge Time (CAS Before RAS 

Refresh) 

tWHREL 



— 

10 

— 

1 



tRELWL 


10 

— 

10 

— 

E 



NOTES: 

1 3. Either tpp|-| or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write or read-write cycles. 


1 5. tyvQs, tRvVD> *CWD> *AWD> and tCPWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if tyyQs ^ twCS ( min )» the c y c,e is an ear, y write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tQyyQ > tQyyp (min), tpvyp > tpwQ (min), t/\vVD - ^AWD ( m ' n )> and tCPWD - tCPWD ( m ' n ) (P a 9 e mode), the cycle is 
a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 
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READ CYCLE 



MOTOROLA MEMORY DATA 


2-116 





MCM54400A-C 


RAS 


V IH~ 
V„ - 


t CRP 


CAS 


V IH- 

V„ 


1 ASR 


ADDRESSES 


G CONTROLLED WRITE CYCLE 

tRC 


1 RAH' 


RAS ‘ 


F 


‘CSH - 


RCD - 


1 RAD - 


l ASC- 


A/V ROW a v/V\7 r 

\A/V address 


\x 


! rsh - 


1 CAS- 


UAL ' 


r 

COLUMN 

n 

L 

ADDRESS 



t CAH 


l RP“ 


z 


- l CRP- 


\ 



J 


xxxxxxxxxxxxxxxxxxr 


DQ0-DQ3 



*< x RWL ► 

xxxxxxxxxxxxxx> 


vmwmmmm 


— t GH 

(XXXXXXXXX' .. 


l«« 

-* ulm 
1— 1- 

M— l DH — H 
- { DS 


) (XXXX* 

\ VALID DATA IN ^ 



READ-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE EARLY WRITE CYCLE 
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FAST PAGE MODE READ-WRITE CYCLE 
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RAS ONLY REFRESH CYCLE 



CAS BEFORE RAS REFRESH CYCLE 
(G and A0-A9 are Don’t Care) 
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HIDDEN REFRESH CYCLE (READ) 




HIDDEN REFRESH CYCLE (EARLY WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 16 milliseconds with the device powered 
up), a wakeup sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 0-bit address fields. A total of twenty address bits, ten 
rows and ten column s, will decode one of the 1 ,048,576 bit lo- 
cations in the device. RAS active transition is followed by CAS 
active transition (active = V|[_, tR CD m ini mum) for all read or 
write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

The re are three other variation s in a ddressi ng the 1 M x 4 
RAM: RAS only refresh cycle, CAS before RAS refresh 
cycle, and page mode. All three are discussed in separate 
sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|r), t RC s (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of th e dev ice is independent ofttie address multiplex 
wind ow. Bo th CAS and output enable (G) control read access 
time: CAS must be active before or at tRQQ maxi mum and G 
must be active tRAC _t GA (both minimum) after RAS active 
tran sition to guarantee valid data out (Q) at tRAQ (access time 
from RAS active transition). If the tRQQ maximum is exceeded 
and/or G active transition does not oc cur in time, read access 
time is determined by either the CAS or G clock active transi- 
tion (tCAC ° f tGA)- 

The RAS and CAS clocks must remain active for a minimum 
time ofjRAS and *CAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQH after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 


tRp to precharge the internal device circuitry for th e nex t active 
cycle. Q is valid, but not latched, as lon g as the CAS and G 
clocks are active. When either the CAS or G clock transitions 
to inactive, the output will switch to High Z (three-state) tQFF or 
tQZ a ft er tee inactive transition. 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered in a separate section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V||_). Early and late write modes are dis tinguished by the ac- 
tive transition of W, with respect to CAS. Minimum active time 
*RAS anc * fCAS' ancl precharge time tRp apply to write mode, 
as in the read mode. _ 

An early write cycle is cha racter ized by W active transition at 
minimum time ty ycs b efore CAS active transit ion. D ata i n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL ancJ tcWL> respectively, after 
the start of the early write operation to complete the cycle. 

Q remains in jhree-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers and G dis- 
abled. 

A late write cycle (referred to as G-c ontro lled write) occurs 
when W active transition is made after CAS active transition. 
W active t ransit ion could be delayed for almost 10 microsec- 
onds after CAS active transition, (tRQQ + tQWD + tRWL + 2tj) 
< tR/\s> if other timing minimums (tRQQ, tR\/\/[_, and ty) are 
maintained. D is referenced to W acti ve tra nsition in a late write 
cycle. Output buffers are enabled by CAS active transition but 
outputs are switched off by G inactive transition, which is re- 
quired to write to the device. Q may be indet ermi nate — see 
note 1 5 of ac operating conditions table. RAS and CAS must 
remain active for tRwi_ and tQwb respectively, after W active 
transition to complete the write cycle. G must remain inactive 
for tQp| after W active transition to complete the write cycle. 
READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for tQWQ minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 
PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1 024 column locations on a selected row of the 1M x 4 dynam- 
ic RAM. Read acces s time in page mode (tQAc) is typically 
half the regular RAS clock acces s time, tRAQ- Page mode op- 
eration consists of keeping RAS active whil e togg ling CAS be- 
tween V|r and Vj|_. The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read- write cycle, as described in prior secti ons. O nce the tim- 
ing requirements for the first cycl e are met, CAS transitions to 
inactive for m inimum tQp, while R AS re mains low (V||_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpQ or tpRwc)- Either a read, write, or read- 
write operation can be performed in a page mode cycle, sub- 
ject to the same conditions as in normal operation (previously 
described). These operations can be intermixed in consecu- 
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tive page mode cycles and performed in any order. The maxi- 
mum number of consecutive page mode cyc les is limited by 
tRASP- Page mode operation is ende d whe n RAS transitions 
to inactive, coincident with or following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM54400A-C require refresh every 16 milliseconds. 

This is accomplished by cycling through the 1 024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM54400A-C. Burst refresh, a refresh 
of all 1024 rows consecutively, must be performed every 16 
milliseconds on the MCM54400A-C. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (4096) associated with t he pa rticular row de- 
coder. Thre e othe r methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|r) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in dur- 
ing the previous cycle (hidden refresh). W must be inactive for 


time twRp before and time tyvRH after R AS active transition to 
prevent switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1). W is subject to the same conditions 
with respec t to R AS ac tive tr ansition (to prevent test mode 
cycle) as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. 

Th e test can be performed after a minimum of eight CAS be- 
fore RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column address, r ead “0 ” out an d write “1 ” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1 024 times. 

3. Read the “1 ”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, 
read “1 ” out a nd wr ite “0” into the cell by performing the 
CAS before RAS refresh counter test, read-write 
cycle. Repeat this operation 1024 times. 

5. Read “0”s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 

MEMORY CYCLE , REFRESH CYCLE , REFRESH CYCLE 







RAS \ 

v / 1 

\ 

v 1 





CAS 

\ 

/ 







DQ0-DQ3 — HIGH Z - 

— < 

VALID DATA OUT 

y 



Figure 1. Hidden Refresh Cycle 
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TEST MODE 

The internal organization of this device (51 2K x 8) allows it 
to be tested as if it were a 512K x 4 DRAM. Nineteen of the 
twenty addresses are used when operating the device in test 
mode. Column address AO is ignored by the device in test 
mode. A test mode cycle reads and/or writes data to a bit in 
each of eight 51 2K blocks (B0-B7) in parallel. External data 
out is determined by the internal test mode logic of the device. 


TEST MODE TRUTH TABLE 


D 

B0, B1 

B2, B3 

B4, B5 

B6, B7 

Q 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

- 


Any Other 


0 


See f ollow ing trut h tab le and test mode block diagram. 

W, CAS before RAS timing puts the devi ce in “ Test M ode” 
as s hown in the test mode timing diagram. A CAS before RAS 
or a RAS only refresh cycle puts the device back in n ormal 
mode. Refre sh is performed in test mode by using a W, CAS 
before RAS refresh cycle which uses internal refresh address 
counter. 


TEST MODE 

AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T/\ = - 40 to 85°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM54400A-C70 

MCM54400A-C80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

135 

— 

155 

— 

ns 

5 

Fast Page Mode Cycle Time 

fCELCEL 

tpc 

50 

— 

55 

— 

ns 


Access Time from RAS 

fRELQV 

iRAC 

— 

75 

— 

85 

ns 

6,7 

Access Time from CAS 

tCELQV 

*CAC 

— 

25 

— 

25 

ns 

6,8 

Access Time from Column Address 

VWQV 

*AA 

— 

40 

— 

45 

ns 

6,9 

Access Time from Precharge CAS 

fCEHQV 

*CPA 

— 

45 

— 

50 

ns 

6 

RAS Pulse Width 

tRELREH 

*ras 

75 

10k 

85 

10k 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

75 

200 k 

85 

200 k 

ns 


RAS Hold Time 

fCELREH 

*RSH 

25 

— 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

75 

— 

85 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

45 

— 

50 

— 

ns 


CAS Pulse Width 

fCELCEH 

*CAS 

25 

10k 

25 

10k 

ns 


Column Address to RAS Lead Time 

fAVREH 

tRAL 

40 

— 

45 

— 

ns 



NOTES: 


1 . V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V||-| and V|[_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and Vjl (or between V|[_ and V||_|) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpQ (min) and tRwo (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (- 40°C < Ty\ < 85°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tRQo < tRCD (max). 

8. Assumes that tRQQ > tRCD (max). 

9. Assumes that tRAD ^ tRAD (max). 
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TEST MODE-READ CYCLE 



TEST MODE-EARLY WRITE CYCLE 


RAS 



CAS 



ADDRESSES 


V 

V 


IH “ 
IL - 


W 



IH “ 
IL “ 


DQ0-DQ3 
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TEST MODE-FAST PAGE MODE READ CYCLE 
(G = Low) 


RAS 


CAS 


WE 


Q (DATA OUT) 



TEST MODE-FAST PAGE MODE EARLY WRITE CYCLE 
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TEST MODE BLOCK DIAGRAM 



51 2K BLOCK 

B2 HT 


51 2K BLOCK |D| 

B3 n 


51 2K BLOCK _£j 

B4 g 


51 2K BLOCK L_M 

B5 n 
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Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 54400A XX X XX XX 


T 


I 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (70 = 70 ns, 80 = 80 ns) 

Temperature Range (C = - 40 to 85°C) 


Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP) 


Full Part Numbers— MCM54400ANJ70 
MCM54400ANJ80 


MCM54400ANJ70R2 

MCM54400ANJ80R2 


MCM54400AZ70 

MCM54400AZ80 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

1M x 4 CMOS Dynamic RAM 

Static Column 

The MCM54402A is a 0.7p CMOS high-speed, dynamic random access 
memory. It is organized as 1 ,048,576 four-bit words and fabricated with 
CMOS silicon-gate process technology. Advanced circuit design and fine line 
processing provide high performance, improved reliability, and low cost. The 
static column mode feature allo ws co lumn data to be accessed upon the 
column address transition when RAS and CS are held low, similar to static 
RAM operation. 

The MCM54402A requires only 10 address lines; row and column 
address inputs are multiplexed. The device is packaged in a standard 300-mil 
J-lead small outline package, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Static Column Mode 

• Test Mode 

• TTL- Compatible Inputs and Outputs 

• RAS Only Refresh 

• CS Before RAS Refresh 

• Hidden Refresh 

• 1 024 Cycle Refresh: MCM54402A = 1 6 ms 

• Fast Access Time (tRAc) : 

MCM54402A-60 = 60 ns (Max) 

MCM54402A-70 = 70 ns (Max) 

MCM54402A-80 = 80 ns (Max) 

• Low Active Power Dissipation: 


MCM54402A 




Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES | 

A0-A9 . . . 

Address Input 

DQ0-DQ3 

Data Input 

G 

Output Enable 

W 

Read/Write Input 

RAS 

. Row Address Strobe 

CS 

Chip Select 

v cc 

. Power Supply (+ 5 V) 

v ss 

Ground 


MCM54402A-60 = 660 mW (Max) 
MCM54402A-70 = 550 mW (Max) 
MCM54402A-80 = 468 mW (Max) 

• Low Standby Power Dissipation: 

MCM54402A = 11 mW (Max, TTL Levels) 
MCM54402A = 5.5 mW (Max, CMOS Levels) 


PIN ASSIGNMENT 
100-MIL ZIP 


1 



i 


1 


1 300-MIL SOJ 

G 


2 






3 


DQO [ 

1 

26 

]v ss 

DQ2 

= = 

_4 

DQ1 [ 

2 

25 

] DQ3 

V SS 

5 

6 

W[ 

3 

24 

] DQ2 


7 






DQ1 



RASE 

4 

23 

] CS 



8 

A9 [ 

5 

22 

] G 

RAS 


10 






11 






AO 

= = 

12 






13 

" = 

AO E 

9 

18 

] A8 

A2 


14 

A1 E 

10 

17 

] A7 

Vcc 

1 5_ 

16 

A2[ 

11 

16 

] A6 


17 

= = 





A5 



A3 [ 

12 

15 

] A5 



18 






1_9_ 


v cc [ 

13 

14 

] A4 

A7 


20 









CS 

DQ3 

DQO 

W 

A9 

A1 

A3 

A4 

A6 

A8 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


DQ0-DQ3 



ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vgs fo r Any Pin Except Vqq 

Vjn> ^out 

-1 to +7 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

Pd 

700 

mW 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

Istg 

-55 to +150 

°C 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGSareex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 1 0%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V| L 

-1.0 

- 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

*CC1 



mA 

2,3 

MCM54402A-60, tRQ = 110 ns 


— 

120 



MCM54402A-70, t R c = 130 ns 


— 

100 



MCM54402A-80, t RC = 150 ns 


— 

85 



Vcc Power Supply Current (Standby) (RAS = CS = V| R ) 

>CC2 

— 

2.0 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles (CS = V| R ) 

<CC3 



mA 

2,3 

MCM54402A-60, t R c = 110 ns 


— 

120 



MCM54402A-70, t R c = 130 ns 


— 

100 



MCM54402A-80, t R c = 150 ns 


— 

85 



Vcc Power Supply Current During Static Column Mode Cycle (RAS = CS = V|[_) 

>CC4 



mA 

2,3 

MCM54402A-60, tsc = 35 ns 


— 

95 



MCM54402A-70, tsc = 40 ns 


— 

85 



MCM54402A-80, tsc = 45 ns 


— 

75 



Vcc Power Supply Current (Standby) (RAS = CS = Vcc ” 0 2 v ) 

>CC5 

— 

1.0 

mA 


Vcc Power Supply Current During CS Before RAS Refresh Cycle 

•CC6 



mA 

2 

MCM54402A-60, t RC = 1 1 0 ns 


— 

120 



MCM54402A-70, t R c = 130 ns 


— 

100 



MCM54402A-80, t R c = 150 ns 


— 

85 



Input Leakage Current (0 V < Vj n < 6.5 V) 

•ikafl) 

-10 

10 

jiA 


Output Leakage Current (CS = V| R , 0 V < V out < 5.5 V) 

'lks(O) 

-10 

10 

jiA 


Output High Voltage (Ioh = _ 5 mA ) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

- 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V C c = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A9 

G, RAS, CS, W 

C in 

5 

pF 

4 

7 

I/O Capacitance (CS = V| R to Disable Output) DQ0-DQ3 

c l/0 

7 

pF 

4 


NOTES: 

1 . All voltage referenced to Vgs- 

2. Current is a function of cycle rate and output loading ; max imum currents are specified cycle time (minimum) with the output open. 

3. Column address can be changed once or less while RAS = V||_ and CS = V| R . 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54402A-60 

54402A-70 

54402A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle 

Time 

tRELREL 

tRC 

110 

— 

130 

— 

150 

— 

ns 

5 

. 

Read-Write Cycle Time 

tRELREL 

tRWC 

165 

— 

185 

_ 

205 

— 

ns 

5 

Static Column Mode Cycle Time 

*AVAV 

*SC 

35 

— 

40 

— 

45 

— 

ns 


Static Column Mode Read-Write 

Cycle Time 

tAVAV 

tSRWC 

90 

— 

100 

— 

110 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

60 

— 

70 

— 

80 

ns 

6,7 

Access Time from CS 

tCELQV 

tCAC 

— 

20 

— 

20 

— 

20 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

30 

— 

35 

— 

40 

ns 

6,9 

Access Time from Last Write 

*WLQV 

tALW 

— 

55 

— 

65 

— 

75 

ns 

6, 10 

CS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

*CEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

11 

Data Out Hold from Address 

Change 

*AXQX 

tAOH 


— 

■ 

— 


— 



Data Out Enable from Write 

tWHQV 

tow 

— 


— 


— 




Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 



RAS Precharge Time 

tREHREL 

tRP 

40 

— 


— 

60 

— 



RAS Pulse Width 

tRELREH 

tRAS 

60 


mm 

10k 

80 




RAS Pulse Width (Static Column 

Mode) 

tRELREH 

tRASC 

60 

200 k 

70 

200 k 

80 

200 k 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

20 

— 

ns 


CS Hold Time 

tRELCEH 

tCSH 

60 

— 

70 

— 

80 

— 

ns 


CS Pulse Width 

tCELCEH 

tcs 

20 

10k 

20 

10k 

20 

10k 

ns 


CS Pulse Width (Static Column 

Mode) 

tCELCEH 

tcsc 

20 

200 k 

20 

200 k 

20 

200 k 

ns 


RAS to CS Delay Time 

tRELCEL 

tRCD 

20 

40 

20 

50 

20 

60 

ns 

12 

RAS to Column Address Delay 

Time 

tRELAV 

tRAD 

15 

30 

15 

35 

15 

40 

ns 

13 

CS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

- 

5 

__ 

5 

- 

ns 



1 . V|j_| min and Vj|_ max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V|l. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|f_| and V||_ (or between V|[_ and V||_j) in a monotonic manner. 

4. AC measurements \j = 5.0 ns. 

5. The specifications for tpQ (min) and tpwQ ( m ' n ) are used only 1° indicate cycle time at which proper operation over the full temperature 
range (0 °C<Ta< 70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and V 0L . 0.8 V. 

7. Assumes that tRQQ ^ tRQD (max). 

8. Assumes that tRQp > tRCD (max). 

9. Assumes that tRAD ^ tRAD (max) . 

1 0. Assumes that ti_wAD - *LWAD (max). 

1 1 . tQFF (max) and/or tQZ (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Operation within the tRQD (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; if tRCD is 
greater than the specified tRQD (max) limit, then access time is controlled exclusively by tQAC- 

13. Operation within the tRAD (max) limit ensures that tRAQ (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max), then access time is controlled exclusively by tAA- 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

54402A-60 

54402A-70 

54402A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

CS Precharge Time 

tCEHCEL 

*CP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

*ASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

10 

— 

ns 


Column Address Setup Time 

*AVCEL 

*ASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

*CAH 

15 

— 

15 

— 

15 

— 

ns 


Column Address Hold Time 

Referenced to RAS 
(Read Cycle) 

tRELAX 

*AR 

70 


80 


90 


ns 


Column Address to RAS Lead 

Time 

tAVREH 

tRAL 

30 

— 

35 

— 

40 

— 

ns 


Column Address Hold Time 

Reference to RAS High 

tREHAX 

*AH 

5 

— 

5 

— 

5 

— 

ns 

14 

Last Write to Column Address 

Delay Time 

*WLAV 

iLWAD 

20 

25 

20 

30 

20 

35 

ns 

15 

Last Write to Column Address 

Hold Time 

tWLAX 

*AHLW 

55 

— 

65 

— 

75 

— 

ns 


Read Command Setup Time 

tyVHCEL 

tRCS 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 

Referenced to CS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

ns 

16 

Read Command Hold Time 

Referenced to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

0 

— 

ns 

16 

Write Command Hold Time 

Referenced to CS 

tCELWH 

%CH 

10 

— 

15 

— 

15 

— 

ns 


Write Command Pulse Width 

*WLWH 

t W p 

10 

— 

15 

— 

15 

— 

ns 


Write Command Inactive Time 

*WHWL 


10 

— 

10 

— 

10 

— 

ns 


Write Command to RAS Lead 

Time 

*WLREH 

*RWL 

20 

— 

20 

— 

20 

— 

ns 


Write Command to CS Lead 

Time 

tWLCEH 

ICWL 

20 

— 

20 

— 

20 

— 

ns 


Data in Setup Time 

tDVCEL 

ids 

0 

— 

0 

— 

0 

— 

ns 

17 

Data in Hold Time 

*CELDX 

^DH 

15 

— 

15 

— 

15 

— 

ns 

17 

Refresh Period 

tRVRV 

iRFSH 

— 

16 

— 

16 

— 

16 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

0 

— 

ns 

18 

CS to Write Delay 

tCELWL 

tCWD 

50 

— 

50 

— 

50 

— 

ns 

18 

RAS to Write Delay 

tRELWL 

iRWD 

90 

— 

100 

— 

110 

— 

ns 

18 

Column Address to Write Delay 

Time 

*AVWL 

tAWD 

60 

— 

65 

— 

70 

— 

ns 

18 

CS Setup Time for CS Before 

RAS Refresh 

tRELCEL 

tCSR 

5 

— 

5 

— 

5 

— 

ns 


CS Hold Time for CS Before 

RAS Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

15 

— 

ns 



(continued) 


NOTES: 

1 4. t/\|-j must be met for a read cycle. 

1 5. Operation within the ti_wAD ( max ) ,imit ensures that t^LW ( max ) can be me t. tLWAD ( max ) is specified as a reference point only; if tLWAD 
is greater than the specified t|_wAD ( max ) limit, then access time is controlled exclusively by t^. 

1 6. Either tpp^ or tRCH mus f be satisfied for a read cycle. 

17. These parameters are referenced to CS leading edge in early write cycles and to W leading edge in read-write cycles. 

1 8. tyvcS’ *RWD> tcWD- V\WD' and tCPWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if tyycs - *WCS ( min )> the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwD - tcWD ( min )> fRWD - ^RWD ( min )> tAWD - fAWD ( min ). and tcPWD - tCPWD ( min ) (P a 9 e mode), the cycle is a 
read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 
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READ, WRITE, AND READ-WRITE CYCLES (Concluded) 
I I Symbol 
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RAS 


CS 


ADDRESSES 


W 


G 


DQ0-DQ3 


READ CYCLE 
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EARLY WRITE CYCLE 

tRC ~ 


w v ;- 

V|L — 


tRAH“^ 

tRAD-> 

{ ASC > 


tCAH— *j 

u ROW ' 
. ADDRESS , 


COLUMN ADDRESS j 


* — twcs > 


1 

< — t WCH — 

tWP 




■—■I 





— te-H h- «DH— 



; 

\/AI in nATA IM 



S 

VnLIU UAIA-lIN 

P 



G CONTROLLER LATE WRITE CYCLE 

tRC 

tRAS 


■ 



w v ;- 

V|L — 


|* — tQAH — > 
* COLUMN ADDRESS^ 



■■H 


■BIB 
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READ-WRITE CYCLE 
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2 


RAS 


ADDRESSES 


CS 


W 


G 


DQ0-DQ3 


RAS 


ADDRESSES 


CS 


W 


G 


DQ0-DQ3 


STATIC COLUMN MODE EARLY WRITE CYCLE (A) 



V|H- 

V| L - 


V|H~\ 
V|L —2 


R 


{ RASC 


T 


V| H — “ 
V|L- 


l RAD" 


n 


“ tRAH 


“ tCAH 


“ tCAH * 

V ROW J 
fir ADDRESS „ 

w 

‘ COLUMN J 
p ADDRESS 1 , 


" COLUMN J 
r ADDRESS 2, 



tRCD ' 

l wcs- 




V|H — ' 
V|L 




V| H — 
V|L 


' *ASC 


■ twp- 


tASC’ 

l wi- 


tRAL ‘ 


tRP^ 


K. 


{ sc - 


*wr 


t W p- 


A A / 


/ 


tcWL 

*RWL 


' *CRI 







p" IDS - * 


*DS“ 

" l DH 



WTO 

r 3 

VALID DATA IN 

TO 

L VALID 3 
r DATA IN J 



V|H- 
V| L " 
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STATIC COLUMN MODE READ-WRITE CYCLE 
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RASONLY REFRESH CYCLE 
(W and G are Don’t Care) 



CS BEFORE RAS REFRESH CYCLE 
(G and A0-A9 are Don’t Care) 
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HIDDEN REFRESH CYCLE (READ) 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

t R AS 


RAS V|H 


V|L — 


*CSR' 

CS V «H - — \| 
V|L * 


READ CYCLE 

ADDRESSES V|H ~ 
V|L — 


- tCHR“ 


■*CPT“ 


7 


tWRP - 






R 


tRSH" 


tes - 


l RAL _ 


7 


-t R p- 


{ CRP- 


N_ 


COLUMN ADDRESS 



tRCS 


l CAC 
tAA 


G V IH 

V| L — 


DQ0-DQ3 V ° H 

v OL ~ 

EARLY WRITE CYCLE 

V|h 
V| L 


{ CLZ 


HIGH Z - 


tASC" 


addressesV,h XXXXXXXXXXXXXM 


tWCS’ 


■ tROH- 


■ kaA 


Uh 

1 « 


tRCH H 


tRRH 

KM 


tGZ 


VALID DATA OUT 


*OFF 


COLUMN 

ADDRESS 


l CAH 


tWRP - 


W V(H 

V| L 


DQ0-DQ3 V IH ‘ 

V| L ‘ 


READ-WRITE CYCLE 

ADDRESSES V|H ‘ 
V| L * 


*WRH 



{ DS- 


HIGH Z - 


tWOT 


tWP ' 


tDH" 


{ VALID DATA IN ^ 


l WRP - 




■ tyVRH 


l CAH 


“I 


COLUMN ADDRESS 



' tRCS 


t W p‘ 


l CWD " 


H 


G V IH“ 

V| L — 


DQ0-DQ3 V IH /v OH ‘ 
VIL/VOL ■ 


Ua- 


*CAC' 


• HIGHZ- 


tCLZ “ 


EC 


UWD 
- tGA 


tGD“» 

, l DS‘ 
’ ^Z 


- tCWLl 


tRWL " 


*DH 


"V— /W VAUD \ 
y \Ay \r DATA IN J r 


\ VALID 
DATA OUT 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 1 6 milliseconds with the device powered 
up), a wakeup sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
t he be ginning of a memory cycle by the row address strobe 
(RAS) clock, into two separate 1 0-bit address fields. A total of 
twenty address bits, ten rows and ten columns, will d ecode 
one of the 1 ,048,576 bit locations in the device. RAS active 
transition latches the row address field. Column addresses are 
not latched, hence jhe “static column” designation of this de- 
vice. Chip select (CS) active transition (active = Vjj_, tpop 
minimum) follows RAS on all read, write, or read-write cycles 
and is independent of column address. The static column fea- 
ture allows greater flexibility in setting up the external column 
addresses into the RAM. 

The re are three other variations in addressi ng th e 1 M x 4 
RAM: RAS only refresh cycle, CS before RAS refresh 
cycle, and Static Column mode. All three are discussed in 
separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, static column mode read cycle, read-write 
cycle, and static column mode read-write cycle. The normal 
read cycle is outlined here, while the other cycles are dis- 
cussed in separate sections. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM^with RAS active transition latching the desired 
row. The write (W) input level must be high (V||_|), tRcs ( mini ' 
mum) before the CS active transition, to enable read mode. A 
valid column address can be provided at any time (tRAD mini- 
mum), inde pend ent of the CS active transition. 

Both the RAS and CS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the device is independent of the address multiplex 
window. Both CS and output enable (G) control read access 
time; CS and G must be active (and column address must be 
valid) by tRCD maximum, and tRAC -t GA minimum, respec- 
tivel y, to g uarantee valid data out (Q) at tRAC (access time 
from RAS active transition). If thetRQD maximum is exceeded 
and/or G active transition does not occur in time, read access 
time is determined by either the CS or G clock active transition 
(tCAC or { GA)- 

The RAS and CS clocks must remain active for a minimum 
time of tRAS and tcs respectively, to complete the read c ycle. 
The column address must remain valid for tAR after RAS 
inactive transition to complete the read cycle. W must remain 
high throughout the cycle, and for time tRRR or tRQR after 
RAS or CS inactive transition, resp ectively, to maintain the 
data at that bit location. Once RAS transitions to inactive, it 
must remain inactive for a minimum time of tRp to precharge 
the internal device circuitry for thejiext active cycle. Q is valid, 
but not latched, as long as the CS and G clocks are active. 
When either the CS or G clock transitions to inactive, the 


output will switch to High Z (three-state) tQFF or *GZ after the 
inactive transition. 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, static column mode early write, and static col- 
umn mode read-write. Early and late write modes are dis- 
cussed here, while static column mode write operations are 
covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|(_). Early and jate write modes are distinguished by the ac- 
tive transition of W, with respect to CS leading edge. Minimum 
active time tRAS and tcs> and precharge time tRp apply to 
write mode, as in the read mode. 

An early write cycle is characterized by W active transition at 
minimum time t\NCS before CS active transition. Column ad- 
dress set up and hold times (tASC> tCAH)> and dat a in (D) set 
up and hol d time s (tps> tpn) are referenced to CS in an early 
write cycle. RAS and CS clocks must stay active for tRWL. and 
tc WL> respectively, after the start of the early write operation to 
complete the cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CS active transition, keeping data-out buffers and G disabled. 

A late write cycle (referred to as G-controlled write) occurs 
when W active transition is made after CS active transition. W 
active transition could be delayed for almost 1 0 microseconds 
after CS active transition, (tRpp + tCWD + *RWL + 2t T) ^ 
tRAS- other timing minimums (tRpp, tRWb and ty) are 
maintainedjpolumn address and D timing parameters are ref- 
erenced to W active transition in a late write cycle. Output buff- 
ers are enabled by CS active transition but Q may be indeter- 
minate— see note 18 of ac operating conditions table. 
Parameters tRWL and l CWL a,so a PP*y to late write cycles. 
READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for \q\ND and/or tAWD minimum, 
to guarantee valid Q before writing the bit. 

STATIC COLUMN MODE CYCLES 

Static column mode refers to multiple successive data oper- 
ations performed at any or all 1 024 column location s on t he se- 
lected row of the 1 M x 4 dynamic RAM during one RAS cycle. 
Read access time of multiple op eratio ns (tAA or *CAC) is con_ 
siderably faster than the regular RAS clock access time t RAC- 
Multipleoperations can be performed simply by keeping RAS 
active. CS may be tog gled b etween active and inactive states 
at any time within the RAS cycle. 

Once the timing requireme nts fo r the initial read, write, or 
read-write cycle are met and RAS remains low, the device is 
ready for the next operation. Operations can be intermixed in 
any order, at any column address, subject to normal operating 
conditions previously described. Every write operation must 
be clocked with either CS or W, as indicated in static column 
mode early write cycle timing diagrams A and B. Column ad- 
dress and D timing parameters are referenced to the signal 
clocking the write operation. CS must be toggled inactive (top) 
to perform a read operation after an early write operation (to 
turn output on), as indicated in static column mode read/ 
write mixed cycle timing diagram. The maximum number of 
conse cutiv e operations is limited to tRASC- The cycle ends 
when RAS transitions to inactive. 
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REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM54402A require refresh every 16 milliseconds. 

This is accomplished by cycling through the 1 024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 1 5.6 
microseconds for the MCM54402A. Burst refresh, a refresh of 
all 1 024 rows consecutively, must be performed every 1 6 milli- 
seconds on the MCM54402A. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (4096) associated with t he pa rticular row de- 
coded. Th ree ot her methods of refresh, RAS-only refresh, 
CS before RAS refresh, and hidden refresh are available on 
this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latch- 
ing the row address to be refreshed, while CS remains high 
(V||_|) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CS Before RAS Refresh 

C S befo re RAS refresh is enabled by bringing CS active be- 
fore RAS. This clock order activates an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. 

The output buffer remains at the same state it was in during 
the previous cycle (hidden refresh). W mu st be inactive for 
time twRP before and time tyvRH after RAS active transition to 
prevent switching the device into test mode. 


Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the outp ut pin. Holding CS active the end of 
a read or write cycle, while RAS cycles inactive for tRp and 
back to active, starts the hidde n refresh. This is essentially the 
execution of a CSbefore RAS refresh from a cycle in progress 
(see Fig ure 1 ). W is subject to the same conditions with re- 
spect t o RAS active transition (to prevent test mode) as in CS 
before RAS refresh. 

CS BEFORE RAS REFRESH COUNTER TEST 

Th e intern al refr esh counter of this device can be tested with 
a CS before RAS refresh counter test. This test is performed 
with a read-write operation. During the test, the internal refresh 
counter generates the row address, while the external address 
supplies the column address. The entire array is refreshed af- 
ter 1 024 cycles, as in dicate d by the check data written in each 
row. See CS before RAS refresh counter test cycle timing 
diagram. 

Th e test can be performed after a minimum of 8 CS before 
RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column address, read “0” out an d writ e “1 ” into 
the cell by performing the CS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1024 times. 

3. Read the “1 ”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, 
rea d “1 ” out and w rite “0” into the cell by performing the 
CS before RAS refresh counter test, read-write 
cycle. Repeat this operation 1 024 times. 

5. Read “0” which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CS BEFORE RAS CS BEFORE RAS 

MEMORY CYCLE . _ REFRESH CYCLE ^ REFRESH CYCLE 



* 




RAS ^ 


\ / N 

v y - 1 





CS 


/ 







Q — HIGH Z — 

— < 

VALID DATA OUT 

i 




1 | 




Figure 1. Hidden Refresh Cycle 
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TEST MODE 

The internal organization of this device (51 2x8) allows it to 
be tested as if it were a 512Kx4 DRAM. Nineteen of the 
twenty addresses are used when operating the device in test 
mode. Column address AO is ignored by the device in test 
mode. A test mode cycle reads and/or writes data to a bit in 
each of eight 51 2K blocks (B0-B7) in parallel. External data 


out is determined by the internal test mode logic of the device. 
See the followin g trut h table and test mode block diagram. 

W, CS before RAS timing puts the device in “Test Mode”, 
as sh own in the test m ode t iming diagram. A “CS before 
RAS” refresh cycle or a “RAS only” refresh cycle puts the de- 
vice back injnormal mode. Refr esh is performed in test mode 
by using a “W, CS before RAS” refresh cycle which uses the 
internal refresh address counter. 


TEST MODE TRUTH TABLE 


D 

B0, B1 

B2, B3 

B4, B5 

B6, B7 

Q 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

— 


Any Other 


0 


TEST MODE 

AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54402A-60 

54402A-70 

54402A-80 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle 

Time 




— 

m 

— 


— 

ns 

5 

Static Column Mode Cycle Time 

*AVAV 



— 

■ 

— 

50 

— 



Access Time from RAS 

tRELQV 


— 

65 

— 

mm 

— 

85 

SOI 

mm 

Access Time from CS 

fCELQV 

*CAC 

— 

25 

— 

WM 

— 

CM 

fICS 

6,8 

Access Time from Column 

Address 

tAVQV 

*AA 

— 

35 

■ 

a 

H 

H 

1 


RAS Pulse Width 

fRELREH 

*RAS 

65 

10k 

75 

10k 

85 

10k 

ns 


RAS Pulse Width (Static Column 

Mode) 

fRELREH 

tRASC 

65 

200 k 


200 k 





RAS Hold Time 

fCELREH 

*RSH 

25 

— 

25 

— 

25 

— 

ns 


CS Hold Time 

fRELCEH 

*CSH 

65 

— 

75 

— 

85 

— 

ns 


CS Pulse Width 

fCELCEH 

tcs 

25 

10k 

25 

10k 

25 

10k 

ns 


CS Pulse Width (Static Column 

Mode) 

tCELCEH 

tcsc 

25 

200 k 

25 

200 k 

25 

200 k 

ns 


Column Address to RAS Lead 

Time 

tAVREH 

*RAL 

35 


40 

— 

45 

— 

ns 



NOTES: 


1 . V|h min and V|[_ max are reference levels for measuring timing of input signals. Transition times are measured between Vjr and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and V||_ (or between V||_ and V|h) in a monotonic manner. 

4. AC measurements Xj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0 °C < T A £ 
70 °C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 
V and Vql = 0.8 V. 

7. Assumes that tRQp < tRpp (max). 

8. Assumes that tRQp > tRQp (max). 

9. Assumes that tR A p > tR A p (max). 
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W, CS BEFORE RAS REFRESH CYCLE (TEST MODE ENTRY) 
(G and A0-A9 are Don’t Care) 




TEST MODE - READ CYCLE 
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TEST MODE - EARLY WRITE CYCLE 



TEST MODE - STATIC COLUMN MODE READ CYCLE 
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TEST MODE - STATIC COLUMN MODE EARLY WRITE CYCLE (A) 



TEST MODE - STATIC COLUMN MODE EARLY WRITE CYCLE (B) 
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ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 


MCM 




Part Number 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns) 

Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP) 



Full Part Numbers— MCM54402AN60 MCM54402AN60R2 MCM54402AZ60 

MCM54402AN70 MCM54402AN70R2 MCM54402AZ70 

MCM54402AN80 MCM54402AN80R2 MCM54402AZ80 

MCM54402AN10 MCM54402AN10R2 MCM54402AZ10 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


MCM54410A 


Advance Information 

1M x 4 CMOS Dynamic RAM 

Write Per Bit Mode 

The MCM54410A is a 0.7p CMOS high-speed, dynamic random access memory. It is 
organized as 1 ,048,576 four-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM54410A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil J-lead small outline package, 
and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Write Per Bit Mode 

• Fast Page Capability 

• Test Mode 



• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: MCM54410A = 16 ms 

• Fast Access Time (tRAC) : 

MCM54410A-60 = 60 ns (Max) 
MCM54410A-70 = 70 ns (Max) 
MCM54410A-80 = 80 ns (Max) 

• Low Active Power Dissipation: 

MCM54410A-60 = 660 mW (Max) 
MCM54410A-70 = 550 mW (Max) 
MCM54410A-80 = 468 mW (Max) 

• Low Standby Power Dissipation: 

MCM54410A = 11 mW (Max, TTL Levels) 
MCM54410A = 5.5 mW (Max, CMOS Levels) 


300-MIL SOJ 


WO/DQO [ 

1 

26 

]Vss 

W1/DQ1 [ 

2 

25 

] W3/DQ3 

Wb/We [ 

3 

24 

] W2/DQ2 

RAS[ 

4 

23 

] CAS 

A9 [ 

5 

22 

] G 

AO C 

9 

18 

] A8 

A1 C 

10 

17 

] A7 

A2 [ 

11 

16 

] A6 

A3 [ 

12 

15 

] A5 

V CC [ 

13 

14 

] A4 


PIN ASSIGNMENT 
100-MIL ZIP 

G 


W2/DQ2 

V SS 

W1/DQ1 

RAS 

AO 

A2 

V CC 

A5 

A7 


1 = 

2 

3 



4 

5 



6 

7 



8 

9 



10 

11 



12 

13 



14 

15 



16 

17 



18 

19 

20 


= = 


CAS 

W3/DQ3 

WO/DQO 

WB/WE 

A9 

A1 

A3 

A4 

A6 

A8 


PIN NAMES 

A0-A9 

Address Input 

W0/DQ0-W3/DQ3 .... 

Write Select/Data Input Output 

Q 

Data Output 

W 

Read/Write Enable 

RAS 

Row Address Strobe 

CS 

Chip Select 

vcc 

Power Supply (+ 5 V) 

V SS 

Ground 

NC 

No Connection 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


W0/DQ0-W3/DQ3 



ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to V$s for Any Pin Except Vqq 

v in- v out 

-1 to +7 

V 

Data Out Current 

'out 

50 

mA 

Power Dissipation 

PD 

700 

mW 

Operating Temperature Range 

t a 

0 to +70 

°C 

Storage Temperature Range 

T stg 

-55 to 
+150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. 


WRITE-PER-BIT MODE 

The write-per-bit mode allows selective masking of a write 
operation on a particular set of device DQs for a giv en cycle. 
The write-per-bit function is enabl ed b y holding the WB/WE 
signal “Low” at the falling edge of RAS for the minimum hold 
time. Masked DQs ar e sel ected by holding Data in (Di) “Low” 
on the falling edge of RAS for the minimum hold time. Data is 
then written into the device only on the unm asked DQs, which 
occurs on the falling edge of either WB/WE (late write) or CAS 
(early write). Any combination of DQs can be selectively 


masked for each write cycle. The truth table for the write-per- 
bit function is shown in the following table: 


At the Falling Edge of RAS 

Function 

CAS 

WB/WE 

DQi 

H 

H 

H 

Write Enabled 

H 

H 

L 

Write Enabled 

H 

L 

H 

Write Enabled 

H 

L 

L 

Write Masked 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V IH 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

>CC1 



mA 

2,3 

MCM54410A-60, t RC = 110 ns 


— 

120 



MCM5441 0A-70, t RC = 130 ns 


— 

100 



MCM54410A-80, t RC = 150 ns 


— 

85 



Vcc Power Supply Current (Standby) (RAS=CAS=V| R ) 

‘CC2 

— 

2.0 

mA 


Vcc P° wer Supply Current During RAS Only Refresh Cycles (CAS=V|j-|) 

*CC3 



mA 

2,3 

MCM54410A-60, t RC = 110 ns 


— 

120 



MCM54410A-70, t RC = 130 ns 


— 

100 



MCM5441 0A-80, t RC = 150 ns 


— 

85 



Vqc Power Supply Current During Fast Page Mode Cycle (RAS = V||_) 

•CC4 



mA 

2,3 

MCM5441 0A-60, t PC = 45 ns 


— 

70 



MCM5441 0A-70, t PC = 45 ns 


— 

70 



MCM5441 0A-80, t PC = 50 ns 


— 

60 



Vqc Power Supply Current (Standby) (RAS = CAS = Vcc ~ 0.2 v ) 

>CC5 

— 

1.0 

mA 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

•CC6 



mA 

2 

MCM5441 0A-60, t R c = 110 ns 



120 



MCM54410A-70, t RC = 130 ns 



100 



MCM5441 0A-80, t R c = 150 ns 


— 

85 



Input Leakage Current (0 V < Vj n < 6.5 V) 

'lkg(l) 

-10 

10 

HA 


Output Leakage Current (CAS = V| R , 0 V < V out < 5.5 V) 

'lkg(O) 

-10 

10 

fiA 


Output High Voltage (Iqh = ~ 5 mA ) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

VOL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A9 

G, RAS, CAS, WB/WE 

C in 

5 

PF 

4 

7 

I/O Capacitance (CAS = V| R to Disable Output) W0/DQ0-W3/DQ3 

2kq 

7 

PF 

4 


NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading ; max imum curr ents are specified cycle time (minimum) with the output open. 

3. Column address can be changed once or less while RAS = V|[_ and CAS = V| R . 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

54410A-60 

54410A-70 

54410A-80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

110 

— 

130 

— 

150 

— 

ns 

5 

Read-Write Cycle Time 

tRELREL 

tRWC 

165 

— 

185 

— 

205 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

45 

— 

50 

— 

ns 


Fast Page Mode Read-Write Cycle 

Time 

tCELCEL 

tPRWC 

100 

— 

100 

— 

105 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

60 

— 

70 

— 

80 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

— 

20 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

30 

— 

35 

— 

40 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

40 

— 

40 

— 

45 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

40 

— 

50 

— 

60 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

60 

10k 

70 

10k 

80 

10k 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

60 

200 k 

70 

200 k 

80 

200 k 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

20 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

60 

— 

70 

— 

80 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 

40 

— 

45 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10k 

20 

10k 

2° 

10k 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

40 

20 

50 

20 

60 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

30 

15 

35 

15 

40 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

5 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 

10 

— 

10, 

— 

ns 



(continued) 


NOTES: 

1 . Vjh min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|(_| and V||_ (or between V||_ and V|f-|) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpQ (min) and tRWQ (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C < T A < 70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tpQp < tRQp (max). 

8. Assumes that tpQD > tRQp (max). 

9. Assumes that tp A D > tp A p (max). 

1 0. tQFF (max) and/or \qz (max) define the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

11 . Operation within the tRCD (max) limit ensures that tp A Q (max) can be met. tRQp (max) is specified as a reference point only; if tRQp is 
greater than the specified tRQp (max) limit, then access time is controlled exclusively by tQ A Q. 

12. Operation within the tR A p (max) limit ensures that tR A Q (max) can be met. tp A p (max) is specified as a reference point only; if tR A p is 
greater than the specified tR A p (max) limit, then access time is controlled exclusively by t AA . 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

54410A-60 

54410A-70 

54410A-80 

Unit 

Notes 

Std 




Min 

Max 

Min 

Max 

Row Address Setup Time 


i^aj 

0 

— 

0 


0 

— 

ns 


Row Address Hold Time 


■ 

10 


10 

— 

10 

— 

ns 


Column Address Setup Time 


■ 

0 

— 

0 

— 

0 


ns 


Column Address Hold Time 


H9I 

15 

— 

15 

— 

15 


ns 


Column Address to RAS Lead Time 


tRAL 

30 

— 

35 

— 

40 

— 

ns 


Read Command Setup Time 

tWHCEL 


0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 

Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 

Referenced to RAS 

tREHWX 

tRRH 

0 

_ 

0 

— 

0 

— 


13 




10 

— 


— 


— 




tWLWH 

t W p 

10 

— 


— 


— 



Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 


— 

20 

— 



Write Command to CAS Lead Time 


*CWL 

20 

— 

20 

— 

20 

— 

ns 


Data in Setup Time 

*DVCEL 

^DS 

0 

— 

0 

— 

0 

— 


14 

Data in Hold Time 

tCELDX 

tDH 

15 

— 

15 

— 


— 


14 

Refresh Period 

tRVRV 

tRFSH 

— 

16 

— 

16 

— 

16 



Write Command Setup Time 

tWLCEL 


0 

— 

0 

__ 

0 

— 

MM 


CAS to Write Delay 

tCELWL 

tCWD 

50 

— 

50 

— 

50 

— 

ns 

15 

RAS to Write Delay 

tRELWL 

tRWD 

90 

— 

100 

— 

110 

— 

ns 

15 

Column Address to Write Delay Time 

*AVWL 

tAWD 

60 

— 

65 

— 

70 

— 

ns 

15 

CAS Precharge to Write Delay Time 
(Page Mode) 

tCEHWL 

tCPWD 

70 

— 

70 

— 

75 

— 

ns 

15 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

tCSR 

5 

— 

5 

— 

5 

~ i 

' 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

*CHR 

15 


15 


15 


ns 


RAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS Before 
RAS Counter Test 

tCEHCEL 

tCPT 

30 

— 

40 

— 

40 

— 

ns 


RAS Hold Time Referenced to G 

tGLREH 

tROH 

10 

— 

10 

__ 

10 

— 

ns 


G Access Time 

*GLQV 

tGA 

— 

20 


20 

— 

20 

ns 


G to Data Delay 

tGLHDX 

tGD 

20 

— 

20 

— 

20 

— 

ns 


Output Buffer Turn-Off Delay Time 
from G 

kaHQZ 

tGZ 

0 

20 

0 

20 

0 

20 

ns 

10 


(continued) 


NOTES: 

1 3. Either tppn or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write or read-write cycles. 

1 5. t WC s> tRWD> tcWD> *AWD> and tCPWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if tyycs - *WCS ( min )> the c y cle is an earl y write c y cle and the data out P in wil1 remain open circuit (high impedance) throughout 
the entire cycle; if tcWD - tcWD ( min )> tRWD - tRWD (min), ^WD - l AWD ( min )> and l CPWD - l CPWD ( min ) (P a 9 e mode), the cycle is 
a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

5441 0A-60 

54410A-70 

54410A-80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

G Command Hold Time 

tWLGL 

*GH 

20 

— 

20 

— 

20 

— 

ns 


Write Command Setup Time (Test 

Mode) 

tWLREL 

tWTS 

10 

— 

,0 

— 

10 

— 

ns 


Write Command Hold Time (Test 

Mode) 

tRELWH 

*WTH 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Precharge Time (CAS 
Before RAS Refresh) 

tWHREL 

tWRP 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Hold Time (CAS Before 
RAS Refresh) 

tRELWL 

tWRH 

10 

— 

10 

— 

10 

— 

ns 


Write Per Bit Setup Time 

tWBVREL 

tWBS 

0 

— 

o 

— 

0 

— 

ns 


Write Per Bit Hold Time 

tRELWBV 

*WBH 

10 

— 

10 

— 

10 

— 

ns 


Write Per Bit Selection Setup Time 

tWDVREL 

*WDS 

0 

— 

0 

— 

0 

— 

ns 


Write Per Bit Selection Hold Time 

tRELWDV 

*WDH 

10 

— 

10 

— 

10 

— 

ns | 
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FAST PAGE MODE READ CYCLE 
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R AS ONLY REFRESH CYCLE 
(WB/WE and G are Don’t Care) 



CAS BEFORE RAS REFRESH CYCLE 
(G and A0-A9 are Don’t Care) 
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HIDDEN REFRESH CYCLE (READ) 

t RC > 




—— 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



MMM 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 1 6 milliseconds with the device powered 
up), a wakeup sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 0-bit address fields. A total of twenty address bits, ten 
rows and ten column s, will decode one of the 1 ,048,576 bit lo- 
cations in the device. RAS active transition is followed by CAS 
active transition (active = V||_, tR CD m ini mum) for all read or 
write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

The re are three other variatio ns in address ing th e 1Mx4 
RAM: RAS only refresh cycle, CAS before RAS refresh 
cycle, and page mode. All three are discussed in separate 
sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and C AS active transitions latching 
the desired bit location. The write (WB/ WE) in put level must be 
high (V|r), tRQs (minimum) before the CAS active transition, 
to enable r ead m ode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of th e dev ice is independent of the address multiplex 
wind ow. B oth CAS and output enable (G) control read access 
time: CAS must be active before or at tRQD maxi mum and G 
must be active tRAC _t GA (both minimum) after RAS active 
tran sition to guarantee valid data out (Q) at tRAC (access time 
from RAS active transition). If thetRQp maximum is exceeded 
and/or G active transition does not oc cur in time, read access 
time is determined by either the CAS or G clock active transi- 
tion (tCAC < GA)- 

The RAS and CAS clocks must remain active for a minimum 
time of tRAS and *CAS respectively, to complete the read 
cycle. WB/WE must rema in hig h t hroug hout the cycle, and for 
time tRRR or tRQR after RAS or CAS inactive transitio n, re- 
spectively, to maintain the data at that bit location. Once RAS 
transitions to inactive, it must remain inactive for a minimum 


time of tRp to precharge the internal device circuitry fo r the 
nextactive cycle. Q is valid, but not latche d, as long as the CAS 
and G clocks are active. When either the CAS or G clock tran- 
sitions to inactive, the output will switch to High Z (three-state) 
tQFF or *GZ after the inactive transition. 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles : early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDR ESSING THE 
RAM. Write mode is enabled by the transition of WB/WE to ac- 
tive (V||_). Early an d late wr ite modes are d isting uished by the 
active transition of WB/WE, with respect to CAS. Minimum ac- 
tive time tRAS and *CAS’ and precharge time tRp apply to 
write mode, as in the read mode. 

An early write cycle is characterized by W B/WE active tran- 
sition at minimum time tyy cs be fore CAS active trans ition. 
Dat a in (D ) is referenced to CAS in an early write cycle. RAS 
and CAS clocks must stay active for tRwi_ and tQwi_, respec- 
tively, after the start of the early write operation to complete the 
cycle. 

Q remains i n three-st ate condition throughout an early write 
cycl e bec ause WB/WE active transition precedes or coincides 
with CAS active transition, keeping data-out buffers and G dis- 
abled. 

A l ate write cycle (referred to as G-contr olled write) occurs 
whe n WB/WE active transition is made after CAS active transi- 
tion. WB/WE active trans ition could be delayed for almost 1 0 
microseconds after CAS active transition, (tRQD + tcWD + 
tRWL + 2t T) - *RAS’ if other timing mini mums (tR pp, tRWL’ 
and tj) are maintained. D is referenced to WB/WE active tran- 
sition in a late write cycle. Output buffers are enabled by CAS 
active transition but outputs are switched off by G inactive tran- 
sition, which is required to write to the device. Q may be inde- 
ter minate — see note 1 5 of ac operating conditions table. RAS 
and CAS mus t remain active for tRwi_ and fc\NL> respectively, 
after WB/WE active transition to complete the write cycle. G 
must remain inactive for tQR afterWB/WE active transition to 
complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late wri te cycle, as discussed in the WRITE CYCLE section, 
exce pt WB/WE must remain high for tQwp minimum after the 
CAS active transition, to guarantee valid Q before writing the 
bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1 024 column locations on a selected row of the 1 M x 4 dynam- 
ic RAM. Read acces s time in page mode (tQAc) is typically 
half the regular RAS clock acces s time, tRAO Page mode op- 
eration consists of keeping RAS active whil e togg ling CAS be- 
tween V|h and V|[_. The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sect ions. Once the 
timing requirements for the first cy cle ar e met, CAS transitions 
to inacti ve for minimum tQp, while RAS r emains low (V|[_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpQ or tpRwc). Either a read, write, or 
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read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation 
(previously described). These operations can be intermixed in 
consecutive page mode cycles and performed in any order. 
The maximum number of consecutive page mode cycl es is 
limited by tp/\sp. Page mode operation is ended when RAS 
transitions to inactive, coincident with or following CAS 
inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM54410A require refresh every 16 milliseconds. 

This is accomplished by cycling through the 1 024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM5441 0A. Burst refresh, a refresh of 
all 1 024 rows consecutively, must be performed every 1 6 milli- 
seconds on the MCM5441 0A. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits associated wit h the particular row decod ed. 
Thre e othe r methods of refresh, RAS-only refresh, CAS be- 
fore RAS refresh, and hidden refresh are available on this 
device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 


during the previous cycle (hidden refresh). WB/ WE m ust be 
inactive for time tyvRP before and time tyvRH after R AS active 
transition to prevent switching the device into test mode. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1 ). WB /WE is subject to the same condi- 
tions with respect to R AS act ive tr ansition (to prevent test 
mode cycle) as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. 

Th e test can be performed after a minimum of eight CAS be- 
fore RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column address, r ead “0 ” out an d write “1 ” into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
1024 times. 

3. Read the “1 ”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, 
read “1 ” out a nd wr ite “0” into the cell by performing the 
CAS before RAS refresh counter test, read-write 
cycle. Repeat this operation 1 024 times. 

5. Read “0”s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 


MEMORY CYCLE , REFRESH CYCLE , REFRESH CYCLE 






RAS ^ 

1 


\ 

\ /~ 




CAS 

W0/DQ0-W3/DQ3 — HIGH Z — 

\ 

/ 




— ( 

VALID DATA OUT 



Figure 1 . Hidden Refresh Cycle 
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See t he fo llowing truth table and test mode block diagram. 

W, CAS before RAS timing puts the devi ce in “ Test M ode” 
as s hown in the test mode timing diagram. A CAS before RAS 
or a RAS only refresh cycle puts the device back into n ormal 
mode. Refre sh is performed in test mode by using a W, CAS 
before RAS refresh cycle which uses internal refresh address 
counter. 


TEST MODE TRUTH TABLE 


D 

B0, B1 

B2, B3 

B4, B5 

B6, B7 

Q 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

- 


Any Other 


0 


TEST MODE 

The internal organization of this device (51 2K x 8) allows it 
to be tested as if it were a 512K x 4 DRAM. Nineteen of the 
twenty addresses are used when operating the device in test 
mode. Column address AO is ignored by the device in test 
mode. A test mode cycle reads and/or writes data to a bit in 
each of eight 51 2K blocks (B0-B7) in parallel. External data 
out is determined by the internal test mode logic of the device. 


TEST MODE 

AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5 -° V ±10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

5441 0A-60 

5441 0A-70 

54410A-80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

115 

— 

135 

— 

155 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

50 

— 

50 

— 

55 

— 

ns 


Access Time from RAS 

fRELQV 

tRAC 

— 

65 

— 

75 

— 

85 

ns 

6,7 

Access Time from CAS 

tCELQV 

fCAC 

— 

25 

— 

25 

— 

25 

ns 

6,8 

Access Time from Column Address 

*AVQV 

*AA 

— 

35 

— 

40 

— 

45 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

l CPA 

— 

45 

— 

45 

— 

50 

ns 

6 

RAS Pulse Width 

tRELREH 

tRAS 

65 

10k 

75 

10k 

85 

10k 

ns 


RAS Pulse Width (Fast Page Mode) 

fRELREH 

tRASP 

65 

200 k 

75 

200 k 

85 

200 k 

ns 


RAS Hold Time 

tCELREH 

fRSH 

25 

— 

25 

— 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

*CSH 

65 

— 

75 

— 

85 

— 

ns 


CAS Precharge to RAS Hold Time 

fCEHREH 

fRHCP 

45 

— 

45 

— 

50 

— 

ns 


CAS Pulse Width 

tCELCEH 

fCAS 

25 

10k 

25 

10k 

25 

10k 

ns 


Column Address to RAS Lead Time 

fAVREH 

*RAL 

35 

- 

40 

— 

45 

— 

ns 



NOTES: 

1 . V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V||_| and V|j_. 

2. An initial pause of 200 jis is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vjh and Vjl (or between V||_ and V|j_|) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tRQ (min) and tRvvc ( min ) are used on, y t0 indicate cycle time at which proper operation over the full temperature 
range (0°C < T^ < 70°C) is ensured. 

6. Measured with a current load equivalent to 2 TTL (- 200 jj.A, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and V 0L = 0.8 V. 

7. Assumes that tpQD < tpQQ (max). 

8. Assumes that tpcD ^ tRCD (max). 

9. Assumes that tp^D - fRAD (max). 
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MCM54410A 


TEST MODE-READ CYCLE 



TEST MODE-EARLY WRITE CYCLE 
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MCM54410A 


TEST MODE-FAST PAGE MODE READ CYCLE 


ADDRESSES " (W™ 




W0/DQ0- 0H ~ . 
W3/DQ3 Vn , _ 


TEST MODE-FAST PAGE MODE EARLY WRITE CYCLE 


l CRP P t pc - 

l RCD H 

at\ P *CAS Je a. P *CAS H 














MCM54410A 
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MCM54410A 



ORDERING INFORMATION 
(Order by Full Part Number) 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns) 
Package (N = 300-mil SOJ, Z = 100-mil Plastic ZIP 


Full Part Numbers— MCM5441 0AN60 MCM5441 0AN60R2 MCM5441 0AZ60 

MCM54410AN70 MCM54410AN70R2 MCM54410AZ70 

MCM54410AN80 MCM54410AN80R2 MCM54410AZ80 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

512K x 8 CMOS Dynamic RAM 

Page Mode 

The MCM54800A is a 0.7]i CMOS high-speed, dynamic random access memory. It 
is organized as 524,288 eight-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM54800A requires only 10 address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 400-mil-wide J-lead small out- 
line package, and a 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Fast Page Mode 

• TTL- Compatible Inputs and Outputs 

• RAS Only R efres h 


MCM54800A 

MCM5L4800A 

MCM5V4800A 


J PACKAGE 
400 MIL SOJ 
CASE 810 


Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE TBD 



• CAS Before RAS Refresh 

• Hidden Refresh 

• Self Refresh (MCM5V4800A only) 

• 1024 Cycle Refresh: 

MCM54800A= 16 ms 

MCM5L4800A and MCM5V4800A = 128 ms 

• Fast Access Time (tRAC) 

MCM54800A-70, MCM5L4800A-70, and 
MCM5V4800A-70 = 70 ns (Max) 

MCM54800A-80, MCM5L4800A-80, and 
MCM5V4800A-80 = 80 ns (Max) 

MCM54800A-10, MCM5L4800A-10, and 
MCM5V4800A-1 0 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM54800A-70, MCM5L4800A-70, and 
MCM5V4800A-70 = 578 mW (Max) 

MCM54800A-80, MCM5L4800A-80, and 
MCM5V4800A-80 = 495 mW (Max) 

MCM54800A-10, MCM5L4800A-10, and 
MCM5V4800A-10 = 440 mW (Max) 

• Low Standby Power Dissipation: 

MCM54800A, MCM5L4800A, and MCM5V4800A = 11 mW 
(Max, TTL Levels) 

MCM54800A = 5.5 mW (Max, CMOS Levels) 

MCM5L4800A and MCM5V4800A = 1 .1 mW (Max, CMOS Levels) 

• Battery Backup Power Dissipation: 

MCM5L4800A = 1 .7 mW (Max, Battery Backup Mode, *rq = 125 jis) 

• Self Refresh Power Dissipation: 

MCM5V4800A = 1.1 mW (Max, Self Refresh Mode) 


PIN NAMES 


A0-A 8, A9R Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

W Write Input 

G Output Enable 

DQ0-DQ7 Data Input/Output 

Vqq Power Supply (+ 5 V) 

V$s Ground 

NC No Connect 


PIN ASSIGNMENT 


400-MIL SOJ 



100-MIL ZIP 



1 


G 

3 

2 

DQ4 

5 

4 

DQ6 

7 

6 

V SS 

9 

8 

DQO 

11 

10 

DQ2 

13 

12 

NC 

= = 

14 


15 


Ms 

17 

16 

AO 

19 

18 

A2 

21 

20 

V CC 

23 

22 

A4 

25 

24 

A6 

27 

26 

A8 

= = 

28 


CAS 

DQ5 

DQ7 

V CC 

DQ1 

DQ3 

W 

A9R 

A1 

A3 

V SS 
A5 
A 7 
NC 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


DQ0-DQ7 



-Vcc 

' V SS 


0 " 

This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. 


NOTE: Permanentdevice damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to Vgs for Any Pin Except Vqq 

Vjn> V ou t 

-1 to +7 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

PD 

600 

mW 

Operating Temperature Range 

t a 

Oto 70 

°C 

Storage Temperature Range 

Istfl 

- 55 to +1 50 

°C 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs Except DQ0-DQ7 

V|L 

-1 .0* 

— 

0.8 

V 

1 

Logic Low Voltage, DQ0-DQ7 

VlL 

- 0.5** 

— 

0.8 

V 

1 


*- 2.5 V at pulse width < 20 ns 
**- 2.0 V at pulse width < 20 ns 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

■cci 



mA 

2,3 

MCM54800A-70, MCM5L4800A-70, and MCM5V4800A-70, t R c = 130 ns 


— 

105 



MCM54800A-80, MCM5L4800A-80, and MCM5V4800A-80, t RC = 150 ns 


— 

90 



MCM54800A-10, MCM5L4800A-10, and MCM5V4800A-10, t R Q = 180 ns 


— 

80 



Vcc Power Supply Current (Standby) (RAS = CAS = V|(_|) 

'CC2 

— 

2 

mA 


Vqc Power Supply Current During RAS Only Refresh Cycles (CAS = V| R ) 

! CC3 



mA 

2,3 

MCM54800A-70, MCM5L4800A-70, and MCM5V4800A-70, t RC = 130 ns 


— 

105 



MCM54800A-80, MCM5L4800A-80, and MCM5V4800A-80, t R Q = 150 ns 


— 

90 



MCM54800A-10, MCM5L4800A-10, and MCM5V4800A-10, t R Q = 180 ns 


— 

80 



Vqq Power Supply Current During Fast Page Mode Cycle (RAS = V||_) 

>CC4 



mA 

2,3 

MCM54800A-70, MCM5L4800A-70, and MCM5V4800A-70, t PC = 45 ns 


— 

75 



MCM54800A-80, MCM5L4800A-80, and MCM5V4800A-80, t P Q = 50 ns 


— 

65 



MCM54800A-10, MCM5L4800A-1 0, and MCM5V4800A-10, t PC = 60 ns 


— 

60 



V CC Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) MCM54800A 

■CC5 

— 

1.0 

mA 


MCM5L4800A and MCM5V4800A 


— 

200 

pA 


Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

<CC6 



mA 

2 

MCM54800A-70, MCM5L4800A-70, and MCM5V4800A-70, t R Q = 130 ns 


— 

105 



MCM54800A-80, MCM5L4800A-80, and MCM5V4800A-80, t R Q = 150 ns 


— 

90 



MCM54800A-10, MCM5L4800A-10, and MCM5V4800A-10, t RC = 180 ns 


— 

80 



Vqq Power Supply Current, Battery Backup Mode — MCM5L4800A Only 

'CC7 

— 

300 

pA 

2,4 

(t R Q = 125 ps; t RA s = Ips; CAS = CAS Before RAS Cycle or 0.2 V; 






A0-A8, A9R, W, D = Vqq - 0.2 V or 0.2 V) 






Vcc Power Supply Current, Self Refresh Mode — MCM5V4800A Only 

'CC8 

— 

200 

pA 


(RAS = CAS = V| L ; A0-A8, A9R, W, G = Vqq - 0.2 V or 0.2 V; 






DQ0-DQ7 = Vqq - 0.2 V, 0.2 V, or Open) 






Input Leakage Current (0 V < Vj n < 7.0 V) 

'ikom 

-10 

10 

pA 


Output Leakage Current (0 V < V out < 7.0 V, Output Disable) 

'iknlO) 

-10 

10 

pA 


Output High Voltage (Iqh = ~ 5 mA ) 

v OH 

2.4 

_ 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, periodically sampled, not 100% tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A8, A9R 

RAS, CAS, W, G 

c in 

5 

PF 

5 

7 

Input/Output Capacitance (CAS = V| R to Disable Output) DQ0-DQ7 

9m 

7 

PF 

5 


NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading . Max imum curr ents are at the specified cycle time (min) with the output open. 

3. Column address can be changed once or less while RAS = V||_ and CAS = Vjr. 

4. tR A s (max) = 1 ps is only applied to refresh of battery-back up. t RA s (max) = 10 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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MCM54800A* MCM5L4800A* MCM5V4800A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-MODIFY-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCM54800A-70 

MCM5L4800A-70 

MCM5V4800A-70 

MCM54800A-80 

MCM5L4800A-80 

MCM5V4800A-80 

MCM54800A-10 
MCM5L4800 A-1 0 
MCM5V4800A-1 0 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

*RC 

130 

— 

150 

— 

180 

— 

ns 

5 

Read-Modify-Write Cycle Time 

tRELREL 

*RWC 

185 

— 

205 

— 

245 

— 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

50 

— 

60 

— 

ns 


Page Mode Read-Modify-Write Cycle 
Time 

tCELCEL 

tPRWC 

100 

— 

105 

— 

125 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

70 

— 

80 

— 

100 

ns 

6,8,9 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

— 

25 

ns 

6, 8 

Access Time from Column Address 

tAVQV 

tAA 

— 

35 

— 

40 

— 

50 

ns 

6,9 

Access Time from CAS Precharge 

tCEHQV 

tCPA 

— 

40 

— 

45 

— 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

- 

0 

— 

ns 

6 

Output Buffer Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

7 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

— 

70 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

- 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 

100 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

8 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

9 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

10 

— 

ns 


CAS Precharge Time (Page Mode 
Only) 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

ns 


RAS Hold Time From CAS Precharge 
(Page Mode Only) 

tCEHREH 

tRHCP 

40 

— 

45 

— 

55 

— 

ns 


Row Address Setup Time 

tAVREL 

tASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

tAVCEL 

tASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 

15 

— 

20 

— 

ns 


Column Address Hold Time 

Referenced to RAS 

tRELAX 

tAR 

55 

— 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

— 

40 

— 

50 

— 

ns 



(continued) 

NOTES: 


1 . V|h min and V|[_ max are reference levels for measuring timing of in put signals. Transition times are m easur ed between V|h and V||_. 

2. An initial pause of 1 00 ps is required after power-up followed by 8 RAS only refresh cycles or 8 CAS before RAS refresh cycles, before proper 
device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V ]H and V||_ (or between V||_ and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpQ (min) and tRvvc ( min ) a r© used on, y to indicate cycle time at which proper operation over the full temperature 
range (0 < Ta < 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 jxA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 v 
and V 0L = 0.8 V. 

7. tQFF (max) and t qz (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

8. Operation within the tpQQ (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; if tRQD is 
greater than the specified tRQD (max) limit, then access time is controlled exclusively by tQAC- 

9. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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READ, WRITE, AND READ-MODIFY-WRITE CYCLES (Continued) 





MCM54800A-70 

MCM54800A-80 

MCM54800A-10 






MCM5L4800A-70 

MCM5L4800A-80 

MCM5L4800A-1 0 



Parameter 

Symbol 

MCM5V4800A-70 

MCM5V4800A-80 

MCM5V4800A-1 0 

Unit 

Notes 


Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 



Read Command Setup Time 

tWHCEL 

*RCS 

0 

— 

0 

— 

0 

— ■ 

ns 


Read Command Hold Time 

tssaiM 

tRCH 

0 

— 

0 

— 

0 

— 


10 

Read Command Hold Time 

Referenced to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

0 

— 

ns 

10 

Write Command Hold Time 

0 
m 

1 

*WCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time 

Referenced to CAS 

tRELWH 

tWCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

*WLWH 

t W p 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

20 

— 

25 

— 

ns 


Write Command to CAS Lead Time 

*WLCEH 

*CWL 

20 

— 

20 

— 

25 

— 

ns 


Data in Setup Time 

tDVCEL 

tDS 

0 

— 

0 

— 

0 

— 

ns 

11 

Data in Hold Time 

tCELDX 

tDH 

15 

— 

15 

— 

20 

— 

ns 

11 

Data in Hold Time Referenced to RAS 

tRELDX 

tDHR 

55 

— 

60 

— 

75 

— 

ns 


Refresh Period MCM54800A 

tRVRV 

tRFSH 

— 

16 

— 

16 

— 

16 

ms 


MCM5L4800A and MCM5V4800A 


128 

— 

128 

— 

128 



Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

0 

— 

ns 

12 

CAS to Write Delay 

tCELWL 

tCWD 

50 

— 

50 

— 

60 

— 

ns 

12 

RAS to Write Delay 

tRELWL 

tRWD 

100 

— 

110 

— 

135 

— 

ns 

12 

Column Address to Write Delay 

*AVWL 

tAWD 

65 

— 

70 

- 

85 

— 

ns 

BQIIl 




70 

— 

75 

— 

90 

— 

ns 

12 




5 

— 

5 

— 

5 

— 

ns 
















15 

— 


— 


— 

ns 





0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time (CAS Before 

RAS Counter Test) 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


RAS Hold Time Referenced to G 

tGLREH 

tROH 

10 

— 

10 

— 

20 

— 

ns 


G Access Time 

tGLQV 

^GA 

— 

20 

— 

20 

— 

25 

ns 

6 

G to Data Delay 

tGLHDX 

tGD 

20 

— 

20 

— 

25 

— 

ns 


Output Buffer Turn-Off Delay Time 
from G 

kaHQZ 

tGZ 

0 

20 

0 

20 

0 

25 

ns 

7 

G Command Hold Time 

tWLGL 

^GH 

20 

— 

20 

— 

25 

— 

ns 


Output Disable Setup Time 

teLCEL 

JGDS 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 

1 0. Either tppt-i or tRCH must be satisfi ed for a read cycle. 

11 . These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write or read-write cycles. 

1 2 - tWCS’ tRWD’ tCWD- tCPWD’ and UWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only. If twQs ^ tWCS ( min )< the cycle is an early write c y c,e and the data out P in will remain open circuit (high impedance) throughout 
the entire cycle. If tQWD -^CWD (min), tcPWD -tCPWD (min), tRWD - *RWD (min), and tAWD -*AWD (min), the cycle is aread-modify-write 
cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 
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SELF REFRESH CYCLE 


Parameter 

Symbol 

MCM54800A-70 

MCM5L4800A-70 

MCM5V4800A-70 

MCM54800A-80 

MCM5L4800A-80 

MCM5V4800A-80 

MCM54800A-10 
MCM5L4800A-1 0 
MCM5V4800A-1 0 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

RAS Pulse Width (CAS Before RAS 
Self Refresh, MCM5V4800A Only) 

tRELREHS 

tRASS 

100 

— 

100 

— 

100 

— 

ns 


RAS Prechange Time (CAS Before 
RAS Self Refresh, MCM5V4800A 

Only) 

tREHRELS 

tRPS 

130 

" 

150 


180 

" 

ns 


CAS Hold Time (CAS Before RAS 

Self Refresh, MCM5V4800A Only) 

tREHCEH 

l CHS 

-50 

— 

-60 

— 

-70 

— 

ns 
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EARLY WRITE CYCLE 



5 

t 

1 wp ■ 



i 

t /-> 


~ WCR ~ 






t DHR 1 


DATA IN I 


jrATATAwATATATATi 
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READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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2 


RAS 


CAS 


A0-A8, A9R 


RAS 


CAS 


DQ0-DQ7 


RAS 


CAS 


DQ0-DQ7 


RAS ONLY REFRESH CYCLE 



CAS BEFORE RAS REFRESH CYCLE 



CAS BEFORE RAS SELF REFRESH CYCLE (MCM5V4800A ONLY) 
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HIDDEN REFRESH 



DQ0-DQ7 



DATA 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up, an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect b ias voltage. This must be fol lowed b y a m inimum of eight 
RAS-Only Refresh cycles or CAS-Before-RAS Refresh cycles 
to initialize all dynamic nodes within the RAM. During an 
extended inactive state (greater than 1 6 millisecon ds wit h the 
device powered u p), a wakeu p sequ ence of eight RAS-Only 
Refresh cycles or CAS-Before-RAS Refresh cycles is neces- 
sary to ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks and will decode 
one of t he 52 4,288 bit locations in the device. The row address 
strobe (RAS) latches 10 row addresses, and the colum n ac- 
cess strobe CAS latc hes n ine column addresses. RAS active 
transition followed by CA S active transition (active = V||_, tpQQ 
minimum ) follo ws RAS o n all read or write cycles. The delay 
between RAS and CAS active transitions, referred to as the 
multiplex window, gives a system designer flexibility in set- 
ting up the external addresses into the RAM. 

The re are three other variations in ad dressin g the 5 1 2K x 8 
RAM: RAS only refresh cycle, CAS before RAS refresh 
cycle, and page mode. All three are discussed in separate 
sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|h), tRcs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of th e dev ice is independent ofthe address multiplex 
wind ow. B oth CAS and output enable (G) control read access 
time: CAS must be active before or at tpcD maximum, and G 
must be active tRAC-tQA ( both minim um ) t 0 guarantee valid 
data out (Q) at tRAC (access time from RASactive transition). 
If the tRQD maximum is exceeded and/or G active transition 
does not occur in_time, read access time is determined by 
either the C AS or G c lock active transition (tQAC or kBA)- 

The RAS and CAS clocks must remain active for a minimum 
time oIFJras and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRH or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for th e nex t active 
cycle. Q is valid, but not latched, as lon g as the CAS and G 
clocks are active. When either the CAS or G clock transitions 
to inactive, the output will switch to High Z (three-state) tQFF or 
tQZ after the inactive transition. 


WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered in a separate section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V[|_). Early and late write modes a re dis tinguished by the ac- 
tive transition of W, with respect to CAS. Minimum active time 
tRAS and *CAS> and precharge time tRp apply to write mode, 
as in the read mode. 

An early write cycle is char acter ized by W active transition at 
minimum time ty ycs b efore CAS active transit ion. D ata i n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and tQWL> respectively, after 
the start of the early write operation to complete the cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers and G dis- 
abled. _ 

A late write cycle (referred to as G-c ontro lled write) occurs 
when W active transition is made after CAS active transition. 
W active t ransit ion could be delayed for almost 10 microsec- 
onds after CAS active transition, (tRQD + tQWD + *RWL + 2t T) 
< tRAS> 'f other timing minimums (tRQD, tRwi_> and tr) are 
maintained. D is referenced to W acti ve tra nsition in a late write 
cycle. Output buffers are enabled by CAS active transition but 
outputs are switched off by G inactive transition, which is re- 
quired to write to the device. Q may be indet ermi nate — see 
note 1 2 of ac operating conditions table. RAS and CAS must 
remain active for tRWL and tQWL> respectively, after W active 
transition to complete the write cycle. G must remain inactive 
for tQH after W active transition to complete the write cycle. 
READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for tQWD minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 
PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1024 column locations on a selected row of the 512Kx8 
dynamic RAM. Read a ccess time in page mode (tQAC) is typi- 
cally half the regular RAS clock a cces s time, tRAC- Page 
mode operation consists of keeping RAS active w hile to ggling 
CAS between V|r an d V|[_ . The row is latched by RAS active 
transition, while each CAS active transition allows selection of 
a new column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in the prior se ctions . Once the 
timing requirements for the first cy cle ar e met, CAS transitions 
to inacti ve for minimum tQp, while RAS r emains low (V||_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpQ or tpRWQ). Either a read, write, or read- 
write operation can be performed in a page mode cycle, sub- 
ject to the same conditions as in normal operation (previously 
described). These operations can be intermixed in consecu- 
tive page mode cycles and performed in any order. The maxi- 
mum number of consecutive page mode cyc les is limited by 
tRASP- Page mode operation is ende d whe n RAS transitions 
to inactive, coincident with or following CAS inactive transition. 


MOTOROLA MEMORY DATA 


2-192 


MCM54800A*MCM5L4800A*MCM5V4800A 


REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM54800A require refresh every 16 milliseconds, while 
refresh for the MCM5L4800A and MCM5V4800A is 1 28 milli- 
seconds.. 

This is accomplished by cycling through the 1 024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM54800A, and 124.8 microseconds 
for the MCM5L4800A and MCM5V4800A. Burst refresh, a re- 
fresh of all 1 024 rows consecutively, must be performed every 
1 6 milliseconds on the MCM54800A, and 1 28 milliseconds for 
the MCM5L4800A and MCM5V4800A 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (4096) associated with t he pa rticular row de- 
codes. Thre e othe r methods of refresh, RAS-only refresh, 
CAS before RAS refresh, hidden refresh, and self refresh 
(MCM5V4800A only) are available on this device for greater 
system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V, H ) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during this automatic refresh 
cycle. The output buffer remains at the same state it was in dur- 
ing the previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pin. Holding CAS active at the 


end of a read or write cycle, while RAS cycles inactive for tpp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

Self Refresh (MCM5V4800A Only) 

The self refresh is a CAS before RAS refresh where RAS is 
held low for a period greater than tR/\ss 0 00 microseconds). 
After this time, an internal timer activates a refresh operation of 
consecutive row addresses in the dyna mi c RAM . The self re- 
fresh mode is exited when either RAS or CAS transitions to 
high (V| H ). Because of the long periods involved for this meth- 
od of refresh, it is recommended that the self refresh mode 
only be used for long periods of standby, such as a battery 
backup. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 

cycle timing diagram. 

The t est c an be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column addre ss, re ad “0" o ut and write “1 ” into the 
cell by performing the CAS before RAS refresh counter 
test, read-write cycle. Repeat this operation 1 024 times. 

3. Read the “T’s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
“1” out and w rite “0” into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 1 024 times. 

5. Read “0”s which were written in step 4 in normal read mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 

MEMORY CYCLE , REFRESH CYCLE , REFRESH CYCLE 






RAS ^ 

v /-I 

\ / ' 

r 



/ 

CAS 

DQ0-DQ8 — OPEN - 

\ 




— < 

VALID DATA OUT 



Figure 1. Hidden Refresh Cycle 
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Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (70 = 70 ns, 80 = 80 ns, 100 = 100 ns 
Temperature Range (C = 0 to 70°C) 

Package (J = 400-mil SOJ, Z = 100-mil Plastic ZIP) 


Full Part Numbers- 


MCM54800AJ70 

MCM54800AJ80 

MCM54800AJ10 

MCM5L4800AJ70 

MCM5L4800AJ80 

MCM5L4800AJ10 

MCM5V4800AJ70 
MCM5V4800AJ80 
MCM5V4800AJ1 0 


MCM54800AJ70R2 
MCM54800AJ80R2 
MCM54800AJ1 0R2 

MCM5L4800AJ70R2 
MCM5L4800AJ80R2 
MCM5L4800AJ1 0R2 


MCM5V4800AJ70R2 
MCM5V4800AJ80R2 
MCM5V4800AJ 1 0R2 


MCM54800AZ70 
MCM54800AZ80 
MCM54800AZ1 0 

MCM5L4800AZ70 
MCM5L4800AZ80 
MCM5L4800AZ1 0 

MCM5V4800AZ70 
MCM5V4800AZ80 
MCM5V4800AZ1 0 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

512K x 9 CMOS Dynamic RAM 

Fast Page Mode 

The MCM54900A is a 0.7|i CMOS high-speed, dynamic random access memory. It 
is organized as 524,288 nine-bit words and fabricated with CMOS silicon-gate pro- 
cess technology. Advanced circuit design and fine line processing provide high per- 
formance, improved reliability, and low cost. 

The MCM54900A requires only 10 address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 400-mil SOJ plastic package 
and 100-mil zig-zag in-line package (ZIP). 

• Three-State Data Output 

• Fast Page Mode 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• Self Refresh (MCM5V4900A only) 

• 1024 Cycle Refresh: 

MCM54900A = 1 6 ms 

MCM5L4900A and MCM5V4900A = 128 ms 

• Fast Access Time (tRAC) 

MCM54900A -70, MCM5L4900A -70, and MCM5V4900A -70 = 70 ns (Max) 
MCM54900A - 80, MCM5L4900A - 80, and MCM5V4900A - 80 = 80 ns (Max) 
MCM54900A -1 0, MCM5L4900A -1 0, and MCM5V4900A -1 0 = 1 00 ns (Max) 

• Low Active Power Dissipation: 

MCM54900A -70, MCM5L4900A -70, and MCM5V4900A -70 = 633 mW (Max) 
MCM54900A - 80, MCM5L4900A - 80, and MCM5V4900A - 80 = 550 mW (Max) 
MCM54900A -1 0, MCM5L4900A -1 0, and MCM5V4900A -10 = 495 m W (Max) 

• Low Standby Power Dissipation: 

MCM54900A, MCM5L4900A, and MCM5V4900A = 5.5 mW (Max, TTL Levels) 

• Battery Backup Power Dissipation: 

MCM5L4900A = 1.7 mW (Max, battery backup mode, Irq =125 ps) 

• Self Refresh Power Dissipation: 

MCM5V4900A = 1.1 mW (Max, self refresh mode) 


MCM54900A 

MCM5L4900A 

MCM5V4900A 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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PIN ASSIGNMENT - MCM54900A 



G 

1 

2 

DQ5 

3 

4 

DQ7 

5 

6 

V SS 

7 

8 

DQO 

9 

10 

DQ2 

11 

12 

DQ4 

13 

14 


15 


RAS 

16 

AO 

17 

18 

A2 

19 

20 

V CC 

21 

22 

A4 

23 

24 

A6 

25 

26 

A8 

27 

28 


CAS 

DQ6 

DQ8 

V CC 

DQ1 

DQ3 

W 

A9R 

A1 

A3 

V SS 

A5 

A7 

NC 


256K X 16 DRAM 
28-Pin 400-mil SOJ 


256KX 16 DRAM 
28-Pin 475-mil ZIP 


PIN NAMES | 

A0-A8, A9R 

Address Input 

V CC 

. . . Power Supply (+ 5 V) 

DQ0-DQ8 . . 

. . . Data Input/Output 

V SS 

Ground 

W 

. . Read/Write Enable 

NC .... 

No Connection 

RAS 

Row Address Strobe 

G 

Output Enable 

CAS Column Address Strobe 




MOTOROLA MEMORY DATA 


2-196 





MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IMxl CMOS Dynamic RAM 

Page Mode, Commercial and Industrial 
Temperature Range 


The MCM511000A is a 1 .Op CMOS high-speed, dynamic random access memory. It is 
organized as 1 ,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM511000A requires only ten address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line package (ZIP). 

• Two Temperature Ranges: Commercial — 0°C to 70°C 

Industrial — -40°C to +85°C 

• Three-State Data Output 

• Common I/O with Early Write 

• Fast Page Mode 

• Test Mode 

• TTL-Compatible Inputs and Output 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 


• 512 Cycle Refresh: MCM511000A = 8 ms 

MCM51 LI 000A = 64 ms 


• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM511000A-70 and MCM51L1000A-70 = 70 ns (Max) 
MCM511000A-80 and MCM51L1000A-80 = 80 ns (Max) 

MCM51 1 000A-1 0 and MCM51L1000A-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM51 1 000A-70 and MCM51 LI 000A-70 = 440 m W (Max) 
MCM511000A-80 and MCM51L1000A-80 = 385 mW (Max) 
MCM511000A-10 and MCM51L1000A-10 = 330 mW (Max) 


• Low Standby Power Dissipation: 

MCM51 1 000A and MCM51 LI 000A = 1 1 mW (Max, TTL Levels) 
MCM51 1 000A = 5.5 mW (Max, CMOS Levels) 

MCM51 LI 000A = 1 .1 mW (Max, CMOS Levels) | 


SMALL OUTLINE 


PIN 

ASSIGNMENT 


DUAL-IN-LINE 


D [ 

1* 

18 

1 V SS 

W [ 

2 

17 

] Q 

RAS [ 

3 

16 

] CAS 

TF [ 

4 

15 

] A9 

AO [ 

5 

14 

] A8 

A1 [ 

6 

13 

] A7 

A2 [ 

7 

12 

] A6 

A3 [ 

8 

11 

] A5 

v cc C 

9 

10 

] A4 


D [ 

1 

26 

Q Vss 

W [ 

2 

25 

] Q 

RAS [ 

3 

24 

] CAS 

TF [ 

4 

23 

] NC 

NC [ 

5 

22 

] A9 

AO C 

9 

18 

P A8 

A1 C 

10 

17 

\\ A7 

A2[ 

11 

16 

] A6 

A3 [ 

12 

15 

] A5 

v cc C 

13 

14 

] A4 


MCM511000A 
MCM51 L1000A 



P PACKAGE 
300 MIL PLASTIC 
CASE 707A 



J PACKAGE 
300 MIL SOJ 
CASE 822 



Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES 

A0-A9 . . 

Address Input 

D 

Data Input 

Q 

Data Output 

W 

Read/Write Enable 

RAS .... 

Row Address Strobe 

CAS ... . 

Column Address Strobe 

V CC • ■ ■ ■ 

Power Supply (+5 V) 

V SS • • ■ ■ 

Ground 

TF 

Test Function Enable 

NC 

No Connection 


ZIG-ZAG IN-LINE 


A9 

1_ 

2 


3 


Q 

= = 

4 


5 

= - 

D 

7 

_ 6 _ 

RAS 

= = 

8 


9 


NC 

= = 

10 


11 

= - 

AO 

= = ! 

12 


13 


A2 


14 

V CC 

1 5 = 

16 

A5 

17 

= ' 

19 

18_ 

A7 


20 


CAS 

V SS 

W 

TF 

NC 

A1 

A3 

A4 


A6 

A8 
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BLOCK DIAGRAM 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for ex- 
tended periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vqs for Any Pin Except Vqq 

v in> v out 

-1 to +7 

V 

Test Function Input Voltage 

v in (TR 

-1 to +10.5 

V 

Data Out Current 

'out 

50 

mA 

Power Dissipation 

PD 

600 

mW 

Operating Temperature Range Commercial 

Industrial 

t a 

0 to +70 
-40 to +85 

°C 

Storage Temperature Range 

Istfl 

-55 to +150 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0to 70°C and -40 to +85°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 


Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

■TM 

4.5 

5.0 

5.5 


1 


0 

0 

0 

Logic High Voltage, All Inputs 


cvi 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

■31 

1 

Test Function Input High Voltage 

BSRSI 


— 


V 

1 

Test Function Input Low Voltage 

. ...YlL 1TE.) - 

-1.0 

— 

I’JIHRil 

■31 

1 
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MCM51 1000A* MCM51 LI 000 A 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

*cci 



mA 

3 

MCM511000A-70 and MCM51L1000A-70, t R c = 130 ns, T A = 0°C to 70°C 


— 

80 



MCM511000A-80 and MCM51L1000A-80, t R Q = 150 ns, T A = 0°C to 70°C 


_ 

70 



MCM51 1 000A-1 0 and MCM51 LI 000A-1 0, t RC = 180 ns, T A = 0°C to 70°C 


— 

60 



MCM511 000A-C70 and MCM51L1000A-C70, t RC = 130 ns, T A = -40°C to +85°C 


— 

85 



MCM51 1 000A-C80 and MCM51L1000A-C80, t RC = 150 ns, T A = -40°C to +85°C 


— 

75 



MCM511 000A-C1 0 and MCM51 LI 000A-C1 0, t RC = 1 80 ns, T A = -40°C to +85°C 


— 

65 



Vqc Power Supply Current (Standby) (RAS=CAS=V| R ) 

! CC2 



mA 


MCM511000A- and MCM51L1000A-, T A = 0°C to 70°C 


— 

2 



MCM51 1 000A-C and MCM51 LI 000A-C, T A = -40°C to +85°C 


— 

3 



Vqc Power Supply Current During RAS Only Refresh Cycles (CAS=V||_|) 

*CC3 



mA 

3 

MCM511000A-70 and MCM51L1000A-70, t RC = 130 ns, T A = 0°C to 70°C 


— 

80 



MCM511000A-80 and MCM51L1000A-80, t R Q = 150 ns, T A = 0°C to 70°C 


— 

70 



MCM51 1 000A-1 0 and MCM51 LI 000A-1 0, t R Q = 1 80 ns, T A = 0°C to 70°C 


— 

60 



MCM51 1 000A-C70 and MCM51L1000A-C70, t RC = 130 ns, T A = -40°C to +85°C 


— 

85 



MCM51 1 0OOA-C80 and MCM51L1000A-C80, t RC = 150 ns, T A = -40°C to +85°C 


— 

75 



MCM511000A-C10 and MCM51L1000A-C10, t R Q = 180 ns, T A = -40°C to +85°C 


— 

65 



Vqq Power Supply Current During Fast Page Mode Cycle (RAS = V||_) 

>CC4 



mA 

3,4 

MCM511000A-70 and MCM51L1000A-70, t P Q = 40 ns, T A = 0°C to 70°C 


— 

60 



MCM511000A-80 and MCM51L1000A-80, t PC = 45 ns, T A = 0°C to 70°C 


— 

50 



MCM51 1 000A-1 0 and MCM51 LI 000A-1 0, t PC = 55 ns, T A = 0°C to 70°C 


— 

40 



MCM51 1 000A-C70 and MCM51L1000A-C70, t P Q = 40 ns, T A = -40°C to +85°C 


— 

65 



MCM511 000A-C80 and MCM51 LI 000A-C80, t P Q = 45 ns, T A = -40°C to +85°C 


— 

55 



MCM511000A-C10 and MCM51L1000A-C10, t PC = 55 ns, T A = -40°C to +85°C 


— 

45 



Vqq Power Supply Current (Standby) (RAS=CAS=Vqq-0.2 V) 

! CC5 





MCM511000A-, T a = 0°C to 70°C and MCM511000A-C, T A = -40°C to +85°C 


— 

1.0 

mA 


MCM51 LI 000A-, T A = 0°C to 70°C 


— 

200 

pA 

uA 


MCM51 LI 000A-C, T A = -40°C to +85°C 


— 

400 



Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

! CC6 



mA 

3 

MCM511000A-70 and MCM51L1000A-70, t RC = 130 ns, T A = 0°C to 70°C 


— 

80 



MCM511000A-80 and MCM51L1000A-80, t RC = 150 ns, T A = 0°C to 70°C 


— 

70 



MCM51 1 000A-1 0 and MCM51L1000A-10, t RC = 180 ns, T A = 0°C to 70°C 


— 

60 



MCM51 1 000A-C70 and MCM51 L1000A-C70, t R Q = 130 ns, T A = -40°C to +85°C 


— 

85 



MCM511 000A-C80 and MCM51 LI 000A-C80, t R Q = 1 50 ns, T A = -40°C to +85°C 


— 

75 



MCM51 1 000A-C1 0 and MCM51 LI 000A-C1 0, t R Q = 1 80 ns, T A = -40°C to +85°C 


— 

65 



Vcc Power Supply Current, Battery Backup Mode (t R Q = 1 25 ps, t RA g = 1 ps, 

>CC7 



pA 

3 

CAS=CAS Before RAS Cycle or 0.2 V, A0-A9, W, D = V cc - 0.2 V or 0.2 V) 






MCM51 LI 000A-, T A = 0°C to 70°C 


— 

300 



MCM51 LI 000A-C, T A = -40°C to +85°C 


— 

500 



Input Leakage Current (Except TF) (0 V < Vj n < 6.5 V) 

'lkg(l) 

-10 

10 

pA 


Input Leakage Current (TF) (0 V < V, n (TF) < Vqq + 0.5 V) 

'iksfD 

-10 

10 

pA 


Output Leakage Current (CAS = V| R , 0 V < V out < 5.5 V) 

'lka(O) 

-10 

10 

UA 


Test Function Input Current (Vqq + 4.5 V < Vj n (TF) < Vqq < 10.5 V) 

bisbi 

— 

1 

mA 


Output High Voltage (Iqh = -5 mA) 

VOH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

VOL 

— 

0.4 

v 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance D, A0-A9 

RAS, CAS, W, TF 

c in 

5 

PF 

4 

7 

Output Capacitance (CAS = V| R to Disable Output) Q 

c out 

7 

PF 

4 


NOTES: “ ““ 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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MCM511000A«MCM51L1000A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T/\ = 0 to 70°C and -40 to +85°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1 , 2, 3, 4, and 5) 


Parameter 

Symbol 

MCM511000A-70 
MCM51 LI 000A-70 

MCM511000A-80 
MCM51 LI 000A-80 

MCM511000A-10 
MCM51 LI 000A-1 0 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

— 

150 

— 

180 

— 

ns 

6 

Read-Write Cycle Time 

tRELREL 

*RWC 

155 

— 

175 

— 

210 

— 

ns 

6 

Page Mode Cycle Time 

tCELCEL 

tpc 

40 

— 

45 

— 

55 

— 

noil 


Page Mode Read-Write Cycle Time 

tCELCEL 

tpRWC 

65 

— 

70 

— 

85 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

70 

— 

80 

— 

100 


7,8 

Access Time from CAS 

tCELQV 

l CAC 

— 

20 

— 

20 

— 

25 

m 

7,9 

Access Time from Column Address 

tAVQV 

tAA 

— 


— 

40 

— 

50 


7, 10 

Access Time from CAS Precharge 

tCEHQV 

tCPA 

— 

35 

— 

40 

— 

50 

ns 

7 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 


7 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 


11 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

— 

70 

— 



RAS Pulse Width 

tRELREH 

tRAS 

70 


80 


100 


E9 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 





RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

25 

— 

ns 


RAS Hold Time from CAS 

Precharge (Page Mode Cycle Only) 

tCELREH 

tRHCP 


— 


— 

50 

— 



CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 

100 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

12 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

13 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

5 

_ 

ns 


CAS Precharge Time (Page Mode 
Cycle Only) 

tCEHCEL 

tCP 

10 


10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

tASR 

0 


0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

*AVCEL 

tASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 

15 

— 

20 

— 

ns 



(continued) 


NOTES: 

1 . V||_| min and V|j_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V|i_. 

2. An initial pause of 200 ills is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V||_| and V|l (or between V|[_ and V|j-|) in a monotonic manner. 

4. AC measurements ty = 5.0 ns. 

5. TF pin must be at V|j_ or open if not used. 

6. The specifications for t rq (min) and tRWC ( min ) are used on| y t0 indicate cycle time at which proper operation over the full temperature 
range (0°C < T^ < 70°C and -40°C < T^ < +85°C) is assured. 

7. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 100 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

8. Assumes that tRQD < tRQD (max). 

9. Assumes that tRQD ^ tRCD (max). 

10. Assumes that tRAD ^ *RAD (max). 

1 1 . tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

12. Operation within the tRQD (max) limit ensures that tRAQ (max) can be met. Irqd (max) is specified as a reference point only; if tRQD is 
greater than the specified tRQD (max) limit, then access time is controlled exclusively by tQAQ- 

13. Operation within the tRAD (max) limit ensures that tRAQ (max) can be met. tRAD (max) is specified as a reference point only; if tRAD *s 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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MCM511000A»MCM51L1000A 


READ, WRITE, AND READ-WRITE CYCLES (Continued) 





MCM511000A-70 

MCM511000A-80 

MCM511000A-10 



Parameter 

Symbol 

MCM51 LI 000A-70 

MCM51 LI 000A-80 

MCM51 LI 000A-1 0 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Column Address Hold Time 
Referenced to RAS 

tRELAX 

*AR 

55 

— 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

tAVREH 

*RAL 

35 

— 

40 

— 

50 

— 

ns 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 
Referenced to CAS 

tCEHWX 

*RCH 

0 

— 

0 

— 

0 

— 

ns 

14 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

0 

— 

ns 

14 

Write Command Hold Time 
Referenced to CAS 

*CELWH 

*WCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time 
Referenced to RAS 

tRELWH 

tWCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

tyVLWH 

t W p 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

tWLREH 

*RWL 

20 

— 

20 

— 

25 

— 

ns 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

— 

20 

— 

25 

— 

ns 


Data in Setup Time 

tDVCEL 

tDS 

o 

— 

0 

— 

0 

— 

ns 

15 

Data in Hold Time 

tCELDX 

*DH 

15 

— 

15 

— 

20 

— 

ns 

15 

Data in Hold Time Referenced to 

tRELDX 

*DHR 

55 

— 

60 

_ 

75 

_ 

ns 


RAS 









Refresh Period MCM51 1 000A 

tRVRV 

tRFSH 

— 

8 

_ 

8 

_ 

8 

ms 


MCM51L1000A 

— 

64 

— 

64 

— 

64 



Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

0 

— 

ns 

16 

CAS to Write Delay 

tCELWL 

tCWD 

20 

— 

20 

— 

25 

— 

ns 

16 

RAS to Write Delay 

tRELWL 

*RWD 

70 

— 

80 

— 

100 

— 

ns 

16 

Column Address to Write Delay 

Time 

tAVWL 

tAWD 

35 

— 

40 

— 

50 

— 

ns 

16 

CAS Precharge to Write Delay Time 

*CEHWL 

tCPWD 

35 

— 

40 

— 

50 

— 

ns 

16 

CAS Setup Time for CAS Before 

tRELCEL 

tCSR 

5 

— 

5 

— 

5 

— 

ns 


RAS Refresh 











CAS Hold Time for CAS Before RAS 

tRELCEH 

tCHR 

15 

_ 

15 

— 

20 

— 

ns 


Refresh 









CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

— 

10 

— 

15 

— 

ns 


Test Mode Enable Setup Time 
Referenced to RAS 

*TEHREL 

tTES 

0 

— 

0 

— 

0 

— 

ns 


Test Mode Enable Hold Time 
Referenced to RAS 

tREHTEL 

tTEHR 

0 

— 

0 

— 

0 

— 

ns 


Test Mode Enable Hold Time 
Referenced to CAS 

tCEHTEL 

tTEHC 

0 

__ 

0 

— 

0 

— 

ns 



NOTES: 

1 4. Either tpRH or tRQR must be satisfi ed for a read cycle. 

1 5. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in delayed write or read-write cycles. 

1 6. twcs> *RWD> tCWD> tCPWD> and *AWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if ty\/Qs - t\/VCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwD - *CWD (min), tRWD - fRWD (min), *CPWD - tCPWD ( min )> and l AWD - l AWD ( min )> the cycle is a read-write 
cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 
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MCM51 1000A* MCM51 LI 000 A 


READ CYCLE 



EARLY WRITE CYCLE 



V 0 L 
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MCM51 1000A* MCM51 L1000A 


READ-WRITE CYCLE 




FAST PAGE MODE READ CYCLE 
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MCM51 1Q00A* MCM51 LI 000 A 



FAST PAGE MODE EARLY WRITE CYCLE 



V 0L 


FAST PAGE MODE READ-WRITE CYCLE 
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MCM51 1000A* MCM51 L1000A 


HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (EARLY WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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MCM51 1000A* MCM51 L1000A 


DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 0-bit address fields. A total of twenty address bits, ten 
rows and ten column s, will decode one of the 1 ,048,576 bit lo- 
cations in the device. RAS active transition is followed by CAS 
active transition (active = V|(_, tR cp m ini mum) for all read or 
write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRco minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress b us from row to column addresses and 
in generating the CAS clock. 

Th ere are two other variat ions i n addr essing the 1 M RAM: 
RAS only refresh cycle and CAS before RAS refresh cycle. 
Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(Vih), tRcs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read 
access time of the devi ce is i ndependent of the address multi- 
plex window. However, CAS must be active before or at tRQp 
maxi mum to guarantee valid data out (Q) attRAC (access time 
from RAS active transition). If the tRQp ma ximum is exceed- 
ed, read access time is determined by the CAS clock active 
transition (tpAC)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tpAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRG|-| after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he ne xt active 
cycle. Q is valid, but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 
will switch to High Z. 


WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V||_). Early and late^ write modes ar e dist inguished by the 
active transition of W, with respect to CAS. Minimum active 
time tRAS and tCAS* and precharge time tRp apply to write 
mode, as in the read mode. 

An early write cycle is cha racter ized by W active transition at 
minimum time ty ycs b efore CAS active transit ion. D ata i n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and tcWL> respectively, after 
the start of the early write operation to complete the cycle. 
_Q remains High Z throughout an early write cy cle be cause 
W active transition precedes or coincides with CAS active 
transition, keeping data-out buffers disabled. This feature can 
be utilized on systems with a common I/O bus, provided all 
writes are performed with early write cycles, to prevent bus 
contention. 

A l ate wr ite cycle occurs when W active transition is made 
after CAS active transition. W active tr ansit ion could be 
delayed for almost 1 0 microseconds after CAS active transi- 
tion. (tRCD + tc WD + tRWL + 2ty) ^ tRAS. °t her timing mini- 
mums (tRQD. tRWL- and *t) are maintained. D is referenced to 
W active trans ition in a late write cycle. Output buffers are en- 
abled by CAS active transition but Q may be i ndeter min ate — 
see note 1 6 of AC operating conditions table. RAS and CAS 
must remain active for tRwi_ and tcwL- respectively, after W 
active transition to complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for tcwD minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the 1 M dynamic 
RAM. Rea d acce ss time in page mode (tGAC) is typically half 
the regular RAS clock ac cess time, tRAC- Pa 9 e mo de op era- 
tion consists of keeping RAS active while togg ling CAS be- 
tween V|r and V||_- The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sect ions. Once the 
timing requirements for the first cycle are m et, CAS transitions 
to inactive f or min imum of tcp, while RAS re mains low (V|j_). 
The second CAS active transition while RAS is low initiates the 
first page mode cycle (tpc or tpRwc)- Either a read, write, or 
read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation 
(previously described). These operations can be intermixed in 
consecutive page mode cycles and performed in any order. 
The maximum number of consecutive page mode cycl es is 
limited by tRASP- Pa 9 e mode operation is ended when RAS 
transitions to inactive, coincident with or following CAS 
inactive transition. 
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REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM511000A require refresh every 8 milliseconds while 
refresh time for the MCM51 L1000A is 64 milliseconds.. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 
1 5.6 microseconds for the MCM511 000 A and 1 24.8 microsec- 
onds for the MCM51 LI 000A. Burst refresh, a refresh of all 51 2 
rows consecutively, must be performed every 8 milliseconds 
on the MCM511000A and 64 milliseconds on the 
MCM51L1000A. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (2048) associated with t he pa rticular row de- 
coded. Thre e othe r mehtods of refresh, RAS-only refresh, 
CAS before RAS refresh, and Hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V IH ) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External 
address lines are ignored during the automatic refresh cycle. 
The output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 


Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tpp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efresh counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is 
refreshed after 51 2 c ycles, as indi cated by the check data writ- 
ten in each row. See CAS before RAS refresh counter test 

cycle timing diagram. 

The t est c an be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column addre ss, re ad “0” o ut and write “1 ” into the 
cell by performing the CAS before RAS refresh counter 
test, read-write cycle. Repeat this operation 51 2 times. 

3. Read the “T’s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
“1” out and w rite “0” into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read “0”s which were written in step 4 in normal read mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 

MEMORY CYCLE , REFRESH CYCLE , REFRESH CYCLE 






RAS ^ 



s A" 



/ 

CAS 

Q— HIGH Z - 

\ 




— < 

VALID DATA OUT 



Figure 1 . Hidden Refresh Cycle 
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TEST MODE 

Internal organization of this device (256Kx4) allows it to be 
tested as if it were a 256Kx1 DRAM. Only nine of the ten ad- 
dresses (A0-A8) are used in test mode; A9 is internally dis- 
abled. A test mode write cycle writes data, D (data in), to a bit in 
each of the four 256Kx1 blocks (B0-B3), in parallel. A test 
mode cycle reads a bit in each of the four blocks. If data is the 
same in all four bits, Q (data out) is the same as the data in 
each bit. If data is not the same in all four bits, Q is high Z. See 
truth table and test mode block diagram. 

Test mode can be used in any timing cycle, including page 


mode cycles. The test mode function is enabled by holding the 
“TF” pin on “super voltage” for the specified period (tjEs> 
t T EHR- tTEHCi see TEST MODE CYCLE). 

“Super voltage” = Vqq + 4.5 V 

where 

4.5 V < Vqq < ;5.5 V and maximum voltage = 10.5 V. 

A9 is ignored in test mode. In normal operation, the “TF” pin 
must either be connected to V||_, or left open. 


Test Mode Truth Table 


D 

BO 

B1 

B2 

B3 

Q 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

- 


Any Other 


High-Z 


TEST MODE BLOCK DIAGRAM 



TEST MODE BLOCK DIAGRAM 
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MCM511000A*MCM51 LI 000 A 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (70 = 70 ns, 80 = 80 ns, 1 0 = 1 00 ns) 

Temperature (Blank = 0 to 70°C, 

C = -40 to 85°C) 

Package (P = 300 mil Plastic DIP, 

J = 300 mil SOJ, Z = Plastic ZIP) 



Commercial Temperature Range 0 to 70°C 

Full Part Numbers— MCM51 1 000AP70 MCM51 1 000AJ70 MCM511 000AJ70R2 MCM511 000AZ70 

MCM511000AP80 MCM511000AJ80 MCM511000AJ80R2 MCM511000AZ80 

MCM511000AP10 MCM511000AJ10 MCM511000AJ10R2 MCM511000AZ10 

MCM51 LI 000AP70 MCM51 LI 000AJ70 MCM51L1000AJ70R2 MCM51 LI 000AZ70 

MCM51 LI 000AP80 MCM51L1000AJ80 MCM51 LI 000AJ8OR2 MCM51L1000AZ80 

MCM51 LI 0O0AP1 0 MCM51L1000AJ10 MCM51L1000AJ10R2 MCM51 LI 000AZ1 0 


Industrial Temperature Range -40 to +85°C 

MCM51 1 000APC70 MCM511000AJC70 MCM511000AJC70R2 MCM511000AZC70 

MCM51 1 000APC80 MCM511000AJC80 MCM511000AJC80R2 MCM511000AZC80 

MCM51 1 000APC1 0 MCM511000AJC10 MCM511000AJC10R2 MCM511000AZC10 

MCM51 LI 000APC70 MCM51L100AJC70 MCM51L100AJC70R2 MCM51 LI 000AZC70 

MCM51 LI 000APC80 MCM51L100AJC80 MCM51L100AJC80R2 MCM51 LI 000AZC80 

MCM51 LI 000APC1 0 MCM51L100AJC10 MCM51L100AJC10R2 MCM51L1000AZC10 

NOTE: Low Power Industrial Temperature SOJ device part numbers are one character shorter than corresponding 
PDIP or ZIP part numbers. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IMxl CMOS Dynamic RAM 

Page Mode 

The MCM511000B is a 0.8 |a CMOS high-speed, dynamic random access memory. It is 
organized as 1 ,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM511000B requires only ten address lines; row and column address inputs are 
multiplexed. The device is packaged in a 300-mil SOJ plastic package, and a 100-mil zig- 
zag in-line package (ZIP). 

•Three-State Data Output 
•Common I/O with Early Write 
•Fast Page Mode 
•Test Mode 

• TTL- Compatible Inputs and Output 
• RAS Only R efres h 
•CAS Before RAS Refresh 
•Hidden Refresh 

•51 2 Cycle Refresh: MCM51 1 000B = 8 ms 

MCM51 LI 000B = 64 ms 

•Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 
•Fast Access Time (tRAC) : 

MCM5110Q0B-60 and MCM51L1000B-60 = 60 ns (Max) 

MCM511 000B-80 and MCM51 LI 000B-80 = 80 ns (Max) 

•Low Active Power Dissipation: 

MCM511000B-60 and MCM51L1000B-60 = 495 mW (Max) 

MCM511000B-80 and MCM51L1000B-80 = 385 mW (Max) 

•Low Standby Power Dissipation: 

MCM511000B and MCM51L1000B = 11 mW (Max, TTL Levels) 

MCM511000B = 5.5 mW (Max, CMOS Levels) 

MCM51 L1000B = 1.1 mW (Max, CMOS Levels) 


MCM511000B 

MCM51L1000B 



PIN NAMES 


A0-A9 Address Input 

D Data Input 

Q Data Output 

W Read/Write Enable 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vqq Power Supply (+5 V) 

Vgs Ground 

TF Test Function Enable 

NC No Connection 


PIN 

ASSIGNMENT 


SMALL OUTLINE 

























y 1 


■Kills 
















ZIG-ZAG IN-LINE 

A9 r 


Q| 

D 

RASj 

NC 

AO 

A2 

V CC 

A5 

A7 


1_ 

2 

3 



4 

5 


*■’*' 

6 

7 



8 

9 



10 

11 

- 


12 

13 

= = 


14 

15 


= - ) 

16 

17 



18 

19 



20 


= = 


CAS 

V SS 

W 

TF 

NC 

A1 

A3 

A4 

A6 

A8 
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MCM511000B*MCM51L1000B 


BLOCK DIAGRAM 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGSareex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to Vqs for Any Pin Except Vqq 

v in> v out 

-1 to +7 

V 

Test Function Input Voltage 

v in (TF) 

-1 to +10.5 

V 

Data Out Current 

'out 

50 

mA 

Power Dissipation 

PD 

600 

mW 

Operating Temperature Range 

t a 

0 to +70 

°c 

Storage Temperature Range 

T sta 

-55 to +150 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, T a = 0 to 70°C Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V| L 

-1.0 

— 

0.8 

V 

1 

Test Function Input High Voltage 

V IH (TF) 

Vqq + 4.5 

— 

10.5 

V 

1 

Test Function Input Low Voltage 

V IL (TF) 

-1£, 

— 

o 

+ 

O 

£ 

V 

1 
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MCM51 1000B • MCM51 L1000B 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

!CC1 



mA 

3 

MCM511000B-60 and MCM51L1000B-60, t RC = 110 ns 


— 

90 



MCM511000B-80 and MCM51L1000B-80, t R c = 150 ns 


— 

70 



Vqc Power Supply Current (Standby) (RAS=CAS=V|h) 

'CC2 

— 

2 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles (CAS=Vm) 

*CC3 



mA 

3 

MCM511000B-60 and MCM51L1000B-60, t RC = 110 ns 


— 

90 



MCM511000B-80 and MCM51L1000B-80, t RC = 150 ns 


— 

70 



Vcc Power Supply Current During Fast Page Mode Cycle (RAS = V|J 

'CC4 


■■1 


3,4 

MCM511000B-60 and MCM51L1000B-60, t PC = 40 ns 


— 




MCM511000B-80 and MCM51L1000B-80, t PC = 45 ns 


— 

MM 



Vcc Power Supply Current (Standby) (RAS=CAS=Vcc-0- 2 v ) 

! CC5 





MCM511000B- 


— 




MCM51L1000B- 


— 




Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

'CC6 



mA 


MCM511000B-60 and MCM51L1000B-60, t RC = 110 ns 


— 

■ ■ 



MCM511000B-80 and MCM51L1000B-80, t RC = 150 ns 


— 

MM 



Vcc Power Supply Current, Battery Backup Mode (t R c = 125 ps, t RA g = 1 ps, 






CAS=CAS Before RAS Cycle or 0.2 V, A0-A9, W, D = V C c - 0.2 V or 0.2 V) 






MCM51L1000B- 


— 




Input Leakage Current (Except TF) (0 V < Vj n < 6.5 V) 

too 

-10 

10 



Input Leakage Current (TF) (0 V < V in (TF) < V C c + 0.5 V) 


-10 

10 

M 


Output Leakage Current (CAS = V| R , 0 V < V out < 5.5 V) 


-10 

10 

■ 


Test Function Input Current (Vqq + 4.5 V < Vj n (TF) < Vcc - 105 V) 


— 

i 

■ 


Output High Voltage (Iqh = -5 mA) 


2.4 

— 

warn 


Output Low Voltage (Iql = 4.2 mA ) 

VOL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc » 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance D, A0-A9 

RAS, CAS, W, TF 

Gin 

5 

PF 

4 

7 

Output Capacitance (CAS = V| R to Disable Output) Q 

2out 

7 

PF 

4 


NOTES: 

1 . All voltages referenced to V§s- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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MCM511000B*MCM51 L1000B 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to 70°C , Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, 4, and 5) 


Parameter 

Symbol 

MCM51 1 000B-60 
MCM51 LI 000B-60 

MCM511000B-80 
MCM51 LI 000B-80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

*RC 

110 

— 

150 

— 

ns 

6 

Read-Write Cycle Time 

tRELREL 

tRWC 

135 

— 

175 

— 

ns 

6 

Page Mode Cycle Time 

tCELCEL 

tpc 

40 

— 

45 

— 

ns 


Page Mode Read-Write Cycle Time 

tCELCEL 

tpRWC 

65 

— 

70 

— 



Access Time from RAS 

tRELQV 

tRAC 

— 

60 

— 

80 

ns 

7,8 

Access Time from CAS 

tCELQV 

*CAC 

— 

20 

— 

20 

ns 

7,9 

Access Time from Column Address 

tAVQV 

*AA 

— 

30 

— 

40 

ns 

7, 10 

Access Time from CAS Precharge 

tCEHQV 

tCPA 

— 

35 

— 

45 

ns 

7 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

ns 

7 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

ns 

11 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

40 

— 

60 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

60 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

60 

100,000 

80 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

ns 


RAS Hold Time from CAS Precharge (Page 
Mode Cycle Only) 

tCELREH 

tRHCP 

35 

— 

40 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

60 

— 

80 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

40 

20 

60 

ns 

12 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

30 

15 

40 

ns 

13 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 

10 

— 

ns 


Row Address Setup Time 

*AVREL 

tASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

ns 


Column Address Setup Time 

tAVCEL 

tASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 

15 

— 

ns 



(continued) 


NOTES: 

1 . V||_| min and Vjl max are reference levels for measuring timing of input signals. Transition times are measured between Vjh and V|[_. 

2. An initial pause of 200 (is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vm and V||_ (or between V||_ and V||_|) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. TF pin must be at V||_ or open if not used. 

6. The specifications for tRQ (min) and tpvvc ( min ) are usecl on, y to indicate cycle time at which proper operation over the full temperature 
range (0°C < T^ < 70°C) is assured. 

7. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and V 0L = 0.8 V. 

8. Assumes that tpcD - tRCD (max). 

9. Assumes that tpcD - tRCD (max). 

1 0. Assumes that tRAD - tRAD (max). 

1 1 . tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 2. Operation within the tRQD (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; if tRQp is 
greater than the specified tRCD (max) limit, then access time is controlled exclusively by tQAC- 

13. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if Irad < s 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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MCM511000B*MCM51L1000B 


READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM511000B-60 
MCM51 LI 000B-60 

MCM511000B-80 
MCM51 LI 000B-80 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Column Address Hold Time Referenced to 

RAS 

tRELAX 

l AR 

50 

— 

60 

— 

ns 


Column Address to RAS Lead Time 

*AVREH 

tRAL 

30 

— 

40 

— 

ns 


Read Command Setup Time 

tWHCEL 

*RCS 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced to 

CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

ns 

14 

Read Command Hold Time Referenced to 

RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

ns 

14 

Write Command Hold Time Referenced to 

CAS 

tCELWH 

tWCH 

10 

— 

15 

— 

ns 


Write Command Hold Time Referenced to 

RAS 

tRELWH 

*WCR 

45 

— 

60 

— 

ns 


Write Command Pulse Width 

*WLWH 

tWP 

10 

— 

15 

— 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

20 

— 

ns 


Write Command to CAS Lead Time 

tWLCEH 

fcWL 

20 

— 

20 

— 

ns 


Data in Setup Time 

tDVCEL 

*DS 

0 

— 

0 

— 

ns 

15 

Data in Hold Time 

tCELDX 

*DH 

15 

— 

15 

— 

ns 

15 

Data in Hold Time Referenced to RAS 

tRELDX 

*DHR 

50 

— 

60 

— 

ns 


Refresh Period MCM511000B 

MCM51L1000B 

tRVRV 

tRFSH 

— 

8 

64 



8 

64 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

ns 

16 

CAS to Write Delay 

tCELWL 

tCWD 

20 

— 

20 

— 

ns 

16 

RAS to Write Delay 

tRELWL 

tRWD 

60 

— 

80 

— 

ns 

16 

Column Address to Write Delay Time 

*AVWL 

tAWD 

30 

— 

40 

— 

ns 

16 

CAS Precharge to Write Delay Time 

*CEHWL 

tCPWD 

35 

— 

40 

— 

ns 

16 

CAS Setup Time for CAS Before RAS 

Refresh 

tRELCEL 

tCSR 

5 

— 

5 

— 

ns 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

5 

— 

5 

— 

ns 


CAS Precharge Time for CAS Before RAS 
Counter Test 

tCEHCEL 

tCPT 

30 

— 

40 

— 

ns 


Test Mode Enable Setup Time Referenced to 
RAS 

tTEHREL 

^TES 

0 

— 

0 

— 

ns 


Test Mode Enable Hold Time Referenced to 
RAS 

tREHTEL 

tTEHR 

0 

— 

0 

— 

ns 


Test Mode Enable Hold Time Referenced to 
CAS 

*CEHTEL 

tTEHC 

0 

— 

0 

— 

ns 



NOTES: 

1 4. Either tRRH or tRCH must be satisfi ed for a read cycle. _ 

1 5. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in delayed write or read-write cycles. 

1 6. twcs> tRWD’ tCWD> tCPWD- and l AWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if tyycs ^ tyvcs ( min )> the cycle is an ear| y write c y cle and the data out P in will remain open circuit (high impedance) throughout 
the entire cycle; if Iq\ND - tcWD (min), t rwd - fRWD ( m ' n ). tQPWD - tcPWD (min), and t/w/VD - ^AWD (min), the cycle is a read-write 
cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 
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MCM511000B*MCM51 L1000B 


READ CYCLE 




EARLY WRITE CYCLE 



V 0L 
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MCM51 1000B • MCM51 L1000B 


READ-WRITE CYCLE 



FAST PAGE MODE READ CYCLE 
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FAST PAGE MODE EARLY WRITE CYCLE 



V 0 L 



FAST PAGE MODE READ-WRITE CYCLE 
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MCM51 1000B • M CM51 L1000B 


HIDDEN REFRESH CYCLE (READ) 




HIDDEN REFRESH CYCLE (EARLY WRITE) 



V 0L 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to en- 
sure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten column s, will decode one of the 1 ,048,576 bit lo- 
cations in the device. RAS active transition is followed by CAS 
active transition (active = V||_, tR CD m ini mum) for all read or 
write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

There are two other variat ions i n addr essing the 1 M RAM: 

RAS only refresh cycle and CAS before RAS refresh cycle. 
Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: “normal” 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V||_|), tRcs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the de vice i s independent of the address multiplex 
window. However, CAS must be active before or at tRQD maxi- 
mum to guarantee valid data out (Q) at tRAC (access time from 
RAS active transition). If the tRQD maxim um is exceeded, 
read access time is determined by the CAS clock active transi- 
tion (t C AC) - 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tCAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he ne xt active 
cycle. Q is valid, but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 
will switch to High Z. 


WRITE CYCLE 

The user can write to the DRAM with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V||_). Early and late write modes are dis tinguished by the ac- 
tive transition of W, with respect to CAS. Minimum active time 
tRAS and fCAS’ and precharge time tRp apply to write mode, 
as in the read mode. 

An early write cycle is cha racter ized by W active transition at 
minimum time ty yCS b efore CAS active transit ion. D ata i n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and tQ WL- respectively, after 
the start of the early write operation to complete the cycle. 
_Q remains High Z throughout an early write cy cle be cause 
W active transition precedes or coincides with CAS active 
transition, keeping data-out buffers disabled. This feature can 
be utilized on systems with a common I/O bus, provided all 
writes are performed with early write cycles, to prevent bus 
contention. 

A l ate wr ite cycle occurs when W active transition is made 
after CAS active transition. W active tr ansit ion could be 
delayed for almost 10 microseconds after CAS active transi- 
tion- (tRCD + tcWD + tRWL + 2t T) ^ tRAS- if other timing mini- 
rnums (tRQD, tRWL- and *t) are maintained. D is referenced to 
W active trans ition in a late write cycle. Output buffers are en- 
abled by CAS active transition but Q may be i ndete rmin ate — 
see note 16 of AC operating conditions table. RAS and CAS 
must remain active for tRWL and tcwL- respectively, after W 
active transition to complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for tc\ND minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the 1 M dynamic 
RAM. Rea d acce ss time in page mode (tQAC) ' s typically half 
the regular RAS clock ac cess time, tRAC- Page mo de op era- 
tion consists of keeping RAS active while togg ling CAS be- 
tween V|h and V|i_. The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sect ions. Once the 
timing requirements for the first cycle are m et, CAS transitions 
to inactive f or min imum of tQp, while RAS re mains low (V|[_). 
The second CAS active transition while RAS is low initiates the 
first page mode cycle (tpQ or tpRwc). Either a read, write, or 
read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation 
(previously described). These operations can be intermixed in 
consecutive page mode cycles and performed in any order. 
The maximum number of consecutive page mode cycl es is 
limited by tRASP- Pa 9 e mode operation is ended when RAS 
transitions to inactive, coincident with or following CAS 
inactive transition. 
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MCM51 1000B • MCM51 L1000B 


REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM511000B require refresh every 8 milliseconds while 
refresh time for the MCM51 LI 000B is 64 milliseconds.. 

Refresh is accomplished by cycling through the 51 2 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM51 1 000B and 1 24.8 microseconds 
for the MCM51 LI 000B. Burst refresh, a refresh of all 51 2 rows 
consecutively, must be performed every 8 milliseconds on the 
MCM511000B and 64 milliseconds on the MCM51L1000B. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (2048) associated with t he pa rticular row de- 
coded. Thre e othe r mehtods of refresh, RAS-only refresh, 
CAS before RAS refresh, and Hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External 
address lines are ignored during the automatic refresh cycle. 
The output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 

Hidden Refresh 


Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 5 1 2 c ycles, as indic ated b y the check data written 
in each row. See CAS before RAS refresh counter test 
cycle timing diagram. _ 

The t est c an be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 

1 . Write “0"s into all memory cells with normal write mode. 

2. Select a column addre ss, re ad “0” o ut and write “1 ” into the 
cell by performing the CAS before RAS refresh counter 
test, read-write cycle. Repeat this operation 51 2 times. 

3. Read the “1”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in ste p 2, r ead 
“1 ” o ut and write “0” into the cell by performing the CAS be- 
fore RAS refresh counter test, read-write cycle. Repeat 
this operation 512 times. 

5. Read “0”s which were written in step 4 in normal read mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 

MEMORY CYCLE , REFRESH CYCLE . REFRESH CYCLE 
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Figure 1. Hidden Refresh Cycle 
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TEST MODE 

Internal organization of this device (256Kx4) allows it to be 
tested as if it were a 256Kx1 DRAM. Only nine of the ten ad- 
dresses (A0-A8) are used in test mode; A9 is internally dis- 
abled. A test mode write cycle writes data, D (data in), to a bit in 
each of the four 256Kx1 blocks (B0-B3), in parallel. A test 
mode cycle reads a bit in each of the four blocks. If data is the 
same in all four bits, Q (data out) is the same as the data in 
each bit. If data is not the same in all four bits, Q is high Z. See 
truth table and test mode block diagram. 

Test mode can be used in any timing cycle, including page 


mode cycles. The test mode function is enabled by holding the 
“TF” pin on “super voltage” for the specified period (tj£s> 
t T EHR. tTEHC: see TEST M0DE CYCLE). 

“Super voltage” = Vqq + 4.5 V 

where 

4.5 V < Vqq < ;5.5 V and maximum voltage = 10.5 V. 

A9 is ignored in test mode. In normal operation, the “TF” pin 
must either be connected to V|j_, or left open. 


Test Mode Truth Table 


D 

BO 

B1 

B2 

B3 

Q 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

- 


Any Other 


High-Z 


TEST MODE BLOCK DIAGRAM 



TEST MODE BLOCK DIAGRAM 
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MCM511000B*MCM51L1000B 


ORDERING INFORMATION 


Motorola Memory Prefix 
Part Number 


(Order by Full Part Number) 
MCM 511 000B or 51 LI 000B X X XX XX 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (60 = 60 ns, 80 = 80 ns) 

Temperature (Blank = 0 to 70°C) 

Package (J = 300 mil SOJ, Z = Plastic ZIP) 


Commercial Temperature Range 0 to 70°C 

Full Part Number MCM511000BJ60 MCM511000BJ60R2 MCM511000BZ60 

MCM511000BJ80 MCM511000BJ80R2 MCM511000BZ80 

MCM51 LI 000BJ60 MCM51L1000BJ60R2 MCM51 L1000BZ60 

MCM51 LI 000BJ80 MCM51L1000BJ80R2 MCM51L1000BZ80 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


IMxl CMOS Dynamic RAM 

Nibble Mode 

The MCM511001A is a I.Cfyi CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The fast nibble mode feature allows high-speed serial 
access of up to 4 bits of data. 

The MCM511001A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 

• Three-State Data Output 

• Common I/O with Early Write 

• Fast Nibble Mode 

• Test Mode 

• TTL- Compatible Inputs and Output 

• RAS Only R efresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle, 8 ms Refresh 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) ; MCM511001A-70 = 70 ns (Maximum) 

MCM51 1001 A-80 = 80 ns (Maximum) 

MCM51 1001 A-10 = 100 ns (Maximum) 

• Low Active Power Dissipation: MCM51 1001 A-70 = 440 mW (Maximum) 

MCM51 1001 A-80 = 385 mW (Maximum) 

MCM51 1001 A-10 = 330 mW (Maximum) 

• Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) 

5.5 mW (Maximum, CMOS Levels) 
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MCM511001A 


BLOCK DIAGRAM 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to V$s for Any Pin Except Vcc 

V in , V out 

-1 to +7 

V 

Test Function Input Voltage 

Vin(TF) 

- 1 to + 10.5 

V 

Data Out Current 

'out 

50 

mA 

Power Dissipation 

PD 

600 

mW 

Operating Temperature Range 

t a 

Oto +70 

°C 

Storage Temperature Range 

I§tg 

-55 to +150 

°C 
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MCM511001A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C C = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 


Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 


4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

Logic High Voltage, All Inputs 


2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 

Test Function Input High Voltage 

V IH (TF) 

Vcc + 4.5 

- 

10.5 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 


Vcc Power Supply Current 

•cci 



mA 

2 

MCM51 1001 A-70, t RC = 130 ns 


— 

80 



MCM51 1001 A-80, t RC = 150 ns 


- 

70 



MCM511001A-10, t RC = 180 ns 


- 

60 



Vcc Power Supply Current (Standby) (RAS = CAS = V|h) 

*CC2 

- 

2.0 

mA 


Vcc Power Supply Current During RAS only Refresh Cycles (CAS = V|h) 

'CC3 



mA 

2 

MCM51 1001 A-70, t R c = 130 ns 


— 

80 



MCM51 1001 A-80, t R c = 150 ns 


- 

70 



MCM511001A-10, t RC = 180 ns 


- 

60 



Vcc Power Supply Current During Nibble Mode Cycle (RAS = V|i_) 

'CC4 





MCM51 1001 A-70, t|sic=35 ns 


— 

60 



MCM51 1001 A-80, t N c=35 ns 


- 

50 



MCM511001A-10, t NC = 40 ns 


- 

40 



Vcc Power Supply Current (Standby) (RAS = CAS = Vcc - 0-2 V) 

'CC5 

- 

1.0 

mA 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

<CC6 

■ ■ 


mA 

2 

MCM51 1001 A-70, t RC = 130 ns 



80 



MCM51 1001 A-80, t R c=150 ns 


-v 

70 



MCM511001A-10, t RC = 180 ns 


1 

60 



Input Leakage Current (Except TF) (0 V^Vj n <6.5 V) 

•ikad) 

-10 

10 

vA 


Input Leakage Current (TF) (0 VsVj n (7F)^Vcc + 0-5 V) 


-10 

10 

MUM 


Output Leakage Current (CaS = V| R , 0 V^V 0Ut s5.5 V) 


-10 

10 



Test Function Input Current (Vcc +4.5 V<Vj n (TF)S 10.5 V) 

'in(TF) 

- 

1 



Output High Voltage doH — -5 mA ) 

v OH 

warn 

- 

V 


Output Low Voltage 0 ol= 4.2 mA) 

VOL 


0.4 

V 



CAPACITANCE (f =1.0 MHz, T A =25°C, V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 


Input Capacitance A0-A9, D 

RAS, CAS, W, TF 

Qn 

5 

PF 

3 

7 

PF 

3 

Output Capacitance {CaS = V|h to Disable Output) Q 

C Q ut 

7 

PF 

3 


NOTES: 

1. All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C * lAt/AV. 
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MCM511001A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C C = 5.0 V ±10%, T A =0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, 4, and 5) 


Parameter 

Symbol 

MCM511001A-70 

MCM511G01A-80 

MCM511001A-1Q 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

- 

150 

- 

180 

- 

ns 

6 

Read-Write Cycle Time 

tRELREL 

tRWC 

BEM 

- 

WE3M 

- 

TIM 

- 

12 m 

6 

Nibble Mode Cycle Time 

tCEHCEH 

tNC 

SI 

- 


- 

40 

- 



Nibble Mode Read-Write Cycle Time 

tCEHCEH 

tNRMW 

■ ■ 

- 

■ 

- 

ra 

- 

mm 


Access Time from RAS 

tRELQV 

tRAC 

- 

msmi 

- 

80 

- 

31 

mss 

eh 

Access Time from CAS 

tCELQV 

tCAC 

- 

20 

- 

20 

- 


m 

EH 

Access Time from Column Address 

tAVQV 

tAA 

- 


- 

40 

- 


n 


Nibble Mode Access Time 

tCELQV 

tNCAC 

- 

15 

- 

15 

- 

20 

n 

7 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

- 

0 

- 

0 

- 

mm 

7 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

mm 

mm 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 



RAS Precharge Time 

tREHREL 

tRP 

50 

- 

60 

- 

mm 

- 

mss 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 


sseh 

SEES! 

mm 


RAS Hold Time 

tCELREH 

tRSH 

£ 

- 

20 

- 

■3 

- 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

- 

80 

- 

B 

- 

m 


EAS Pulse Width 



20 


ssumis 

10,000 

25 

10,000 

ns 



tRELCEL 

tRCD 

BEM 

50 

mE3B 

60 

mm 

mm 

mm 

mm 


E335I 


WEM 


15 

40 

m^^im 



mm 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 


5 

- 

5 

- 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 


10 

- 

10 

- 



Row Address Setup Time 

tAVREL 

tASR 

0 

- 

0 


0 

- 

mm 


Row Address Hold Time 

t RELAX 

tRAH 

10 


10 


15 

- 



Column Address Setup Time 

tAVCEL 

tASC 

0 


o 

- 

0 

- 

mm 


Column Address Hold Time 

tCELAX 


15 

- 

15 

- 

20 

- 



Column Address Hold Time Referenced to RAS 

tRELAX 

tAR 

55 

- 

60 

- 

75 

- 

ns 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

- 

40 

- 

50 

_ 

ns 



(continued) 


NOTES: 

1. V|H min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V||_. 

2. An initial pause of 200 /is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V||_j and V|l (or between V|l and V|F|) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The TF pin must be at V||_ or open if not used. 

6. The specifications for tpc (min) and tRwc (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C<T A <70°C) is assured. 

7. Measured with a current load equivalent to 2 TTL (-200 /*A, +4 mA) loads and 100 pF with the data output trip points set at 
Vqh = 2.0 V and V O l = 0.8 V. 

8. Assumes that tRCD — iRCD (max). 

9. Assumes that tRCD^TRCD (max). 

10. Assumes that tRAD — tRAD (max). 

11. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

12. Operation within the tRQQ (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD ' s 

greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

13. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 

greater than the specified tRAD (max), then access time is controlled exclusively by tAA- 
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MCM511001A 


READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM511001A-70 

MCM511001A-80 

MCM511001A-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Command Setup Time 

tWHCEL 

tRCS 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time Referenced to CAS 

tCEHWX 

l RCH 

0 

- 

0 

- 

0 

- 

ns 

14 

Read Command Hold Time Referenced to RAS 

X 

in 

cc 

tRRH 

0 

- 

0 


0 

_ 

id 

■on 

Write Command Hold Time Referenced to CAS 



15 

- 

15 


20 

- 



Write Command Hold Time Referenced to RAS 

tRELWH 

tWCR 

55 

_ 

60 

- 

75 


29 


Write Command Pulse Width 

tWLWH 

twp 

15 

- 

MM 



- 

29 


Write Command to RAS Lead Time 

tWLREH 


20 

- 

mm 

- 

25 

- 



Write Command to CAS Lead Time 

tWLCEH 



_ 

. 

20 


25 

- 



BBiBaH mm 


tDS 

0 


0 


0 

- 

221 

MM 

Data In Hold Time 



15 

- 

15 

- 

20 

- 

29 

mm 

Data In Hold Time Referenced to RAS 

tRELDX 


2222 

- 

2291 



- 

221 


Refresh Period 

tRVRV 


- 

8 


8 

- 

8 

12 


Write Command Setup Time 

tWLCEL 


0 

- 

0 


0 

- 

221 

mm 

CAS to Write Delay 

tCELWL 

tCWD 


- 

20 



- 

221 

mm 

RAS to Write Delay 

tRELWL 


KM 

- 

80 

— 

100 

- 

29 

mm 

Column Address to Write Delay Time 

*AVWL 

tAWD 

mm 

- 

40 


50 

- 

221 

mm 




10 

- 

10 


10 

- 

221 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

30 

- 

30 

- 

H|| 

- 

29 


RAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

_ 

0 

- 

2211 


CAS Precharge Time for CAS Before RAS 
Counter Test 

tCEHCEL 

tCPT 

40 

H 

40 

M 


M 

2 


Nibble Mode Pulse Width 

tCELCEH 

tNCAS 

KM 

- 

15 

- 


- 

221 


Nibble Mode CaS Precharge Time 



KM 

- 

10 

- 

10 

- 



Nibble Mode RA§ Hold Time 



KM 

- 

mm 

- 

20 

- 

29 


Nibble Mode CAS to Write Delay Time 

tCELWL 

tNCWD 

KM 

- 

mm 

- 

20 

- 

221 


Nibble Mode Write Command to RAS Lead 

Time 

tWLREH 

tNRWL 

15 

- 

15 

- 


- 

2 


Nibble Mode Write Command to CAS Lead 

Time 

tWLCEH 

tNCWL 

15 

- 

H 

- 


~ 

9 


Test Mode Enable Setup Time Referenced to 
RAS 

tTEHREL 

tTES 

0 

- 

H 

- 

■ 

- 

H 


Test Mode Enable Hold Time Referenced to 

RAS 

tREHTEL 

tTEHR 

0 

- 

0 

~ 

0 

- 

ns 


Test Mode Enable Hold Time Referenced to 

CAS 

tCEHTEL 

tTEHC 

0 

- v 

0 

- 

0 

~ 

ns 



NOTES: 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. These parameters are referenced to CAS leading edge in random write cycles and to W leading edge in delayed write or read-write cycles. 

16. tyycS' tRWD' tCWD- ancl ^AWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only; if tyycS-tWCS (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tcwD^CWD (min), tR\/VD-tRWD (min), and tAWD-tAWD (min), the cycle is a read-write cycle and the data out 
will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 


MOTOROLA MEMORY DATA 


2-231 


































MOTOROLA MEMORY DATA 


2-232 








MOTOROLA MEMORY DATA 


2-234 










MOTOROLA MEMORY DATA 


2-236 





MCM511001A 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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MCM511001A 


DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beginning of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will d ecode one of the 1,048,576 bit 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = V|l, tRpp mini mum ) for all read 
or write cycles. The delay between RAS and CAS active tran- 
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. _ 

The external CAS signal is ignored until an internal RAS 
signal is available. This "gate " feature on the external CAS 
clock enables the internal CAS line as soon as the row address 
hold time (tRAH) specification is met (and defines tRCD min- 
imum). The multiplex window can be used to absorb skew 
delays in switching the addre ss bus from row to column ad- 
dresses and in generating the CAS clock. 

Th ere are two other variations in ad dressing the 1 M RAM: 
RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: "normal" 
random read cycle, nibble mode read cycle, read-write cycle, 
and nibble mode read-write cycle. The normal read cycle is 
outlined here, while the other cycles are discussed in separate 
sections. 

The normal read c ycle b egin s as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) input level must be high 
(V|h), *RCS (minimum) before the CAS active transition, to 
enable read mod e. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is ind ependent of the address multiplex 
window. However, CAS must be active before or at tRCD 
maxi mum to guarantee valid data out (Q) at tRAC (access time 
from RAS active transition). If the tRCD maximum is exceeded, 
read access time is determined by the CAS clock active tran- 
sition (tpAC )- 

The RAS and CAS clocks must remain active for a minimum 
time of_tRAS and tCAS respectively, to complete the read 
cycle. W must remai n high th roug hout the cycle, and for time 
tRRH or tRCH a ^ er RAS or CAS inactive transition, respec- 
tively, to maintain the data at that bit location. Once RAS 
transitions to inactive, it must remain inactive for a minimum 


time of tRp to precharge the internal device circuitry for the 
next active cycle. Q is valid, bu t not latched, as long as the 
CAS clock is active. When the CAS clock transitions to in- 
active, the output will switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with any of four cycles: 
early write, late write, nibble mode early write, and nibble mode 
read-write. Early and late write modes are discussed here, while 
nibble mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|l). Early and late write modes are dis tinguished by the active 
transition of W, with respect to CAS. Minimum active times 
tRAS and *CAS' and precharge time tRp apply to write mode, 
as in the read mode. __ 

An early write cycle is chara cterize d by W active transition 
at minimum time ty ycs before CAS active tran sition . D ata in 
(D) is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and *CWL' respectively, 
after the start of the early write operation to complete the 
cycle. 

Q remains in three-state condition throughout an early write 
cycle because W active transition precedes or coincides with 
CAS active transition, keeping data-out buffers disabled. This 
feature can be utilized on systems with a common I/O bus, 
provided all writes are performed with early write cycles, to 
prevent bus contention. 

A l ate w rite cycle occurs when W active transition is made 
after CAS active transition. W active t ransit ion could be de- 
layed for almost 10 microseconds after CAS active transition, 
(tRCD + tCWD + tRWL + 2 tT^ t RAS» if other timing mini- 
mums (tRCD, tRWL and tj) are maintained. D is referenced 
to W active transition in a late write cycle. Output buffers are 
enabled by CAS active transition but Q may be i ndete rmin ate— 
see note 16 of AC operating conditions table. RAS and CAS 
must remain active for tRWL ar >d tcWL/ respectively, after W 
active transition to complete the write cycle. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tQWD minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

NIBBLE MODE CYCLES 

Nibble mode allows fast successive serial data operations 
at two, three, or four bits of the 1M dynamic RAM. Read 
access time in nib ble mode (tNCAC) ,s considerably faster than 
the regular RAS clock ac cess t ime tRAC- Nibble mode oper- 
ation consists of keeping RAS active while toggling CAS be- 
tweenV|H an d V|L - The address of the first nibble bit is lat ched 
by RAS and CAS active transitions. Each subsequent CAS 
active transition increments the row and column addresses 
internally to access the next bit in binary fashion. After the 
fourth bit is accessed, the nibble pattern repeats itself: (0,0) 

(0,1) (1,0) (1,1) (0,0) (0,1) (1,0) (1,1) The A10 address 

determines the starting point of the 4-bit nibble, with row 
address A10 the least significant of the (column, row) ordered 
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pair. External addresses are ignored after the first nibble bit is 
selected. 

A nibble mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sectio ns. O nce the timing 
requirements for the first cycle are met, CAS transitions to 
inactive for minim um of t^cp, while RA S rem ains low (V||_). 
The second CAS active transition while RAS is low initiates 
the first nibble mode cycle (t|\|C or tNRMW)- Either a read, 
write, or read-write operation can be performed in a nibble 
mode cycle, subject to the same conditions as in normal op- 
eration (previously described). These operations can be inter- 
mixed in consecutive nibble mode cycles and performed in 
any order. The maximum number of consecutive nibble mode 
cycle s is limited by tRAS- Nibble mode operation ends when 
RAS transitions to inactive, coincident with or following a CAS 
inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM511001A require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM511001A. Burst refresh, a re- 
fresh of all 512 rows consecutively, must be performed every 
8 milliseconds. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with the p articular 
row de coded . Three other methods of refresh, RAS-only re- 
fresh, CAS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transiti on to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed 
to ensure all rows are refreshed within the specified limit. 


CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Ex- 
ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh co unter of this device can be tested 
with a CAS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 cy cles, a s indic ated b y the check data 
written in each row. See CAS before RAS refresh counter 

test cycle timing diagram. 

The test c an be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 

1 . Write "0"s into all memory cells with normal write mode. 

2. Select a column address, re ad "0” out and write "1" into 
the cell by performing the CAS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

3. Read the " 1 "s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
"1" out and w rite "0" into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read "0"s which were written in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 
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Figure 1. Hidden Refresh Cycle 
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TEST MODE 

Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses (A0-A8) are used in test mode; A9 is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256K x 1 blocks (B0-B3), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in all four bits, Q 
is high Z. See truth table and block diagram. 


Test mode can be used in any timing cycle except nibble 
mode cycles. The test mode function is enabled by holding 
the "TF" pin on "super voltage" for the specified period (tjES* 
tTEHR. tjEHC; see TEST MODE CYCLE). 

"Super voltage" = Vcc + 4.5 V 

where 

4.5 VcVcc <5.5 V and maximum voltage = 10.5 V. 

A9 is ignored in test mode. In normal operation, the "TF" 
pin must either be connected to V|[_, or left open. 


Test Mode Truth Table 
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ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 


x 


51 1001 A 


X 


XX 


XX 


I 


Shipping Method (R2=Tape & Reel, 

Blank = Rails) 

Speed (70 = 70 ns, 80 = 80 ns, 10= 100 ns) 

Package (P = 300 mil Plastic DIP, J = 300 mil SOJ, 
Z= Plastic ZIP) 


Full Part Numbers- MCM51 1001 AP70 
MCM51 1001 AP80 
MCM511001AP10 


MCM511001AJ70 

MCM511001AJ80 

MCM511001AJ10 


MCM51 1001 AJ70R2 
MCM51 1001 AJ80R2 
MCM51 1001 AJ10R2 


MCM51 1001 AZ70 
MCM51 1001 AZ80 
MCM511001AZ10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


1 M x 1 CMOS Dynamic RAM 

Static Column 

The MCM511002A is a 1.0 n CMOS high-speed, dynamic random access memory. It is 
organized as 1,048,576 one-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. The static column m ode f eature allows column data to 
be accessed upon the column address transition when RAS and CS are held low, similar 
to static RAM operation. 

The MCM511002A requires only 10 address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 

• Three-State Data Output 

• Common I/O with Early Write 

• Static Column Mode 

• Test Mode 

• TTL- Compatible Inputs and Output 

• RA S Only Refre sh 

• CS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle, 8 ms Refresh 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) ; MCM511002A-70 = 70 ns (Maximum) 

MCM5110Q2A-80 = 80 ns (Maximum) 

MCM511002A-10= 100 ns (Maximum) 

• Low Active Power Dissipation: MCM51 1002A-70 = 440 mW (Maximum) 

MCM51 10Q2A-80 = 385 mW (Maximum) 
MCM511002A-1 0 = 330 mW (Maximum) 

• Low Standby Power Dissipation: 11 mW (Maximum, TTL Levels) 

5.5 mW (Maximum, CMOS Levels) 


PIN 

ASSIGNMENT 


DUAL-IN-LINE 


D[ 

1 • 

18 

w[ 

2 

17 

rase 

3 

16 

TF | 

4 

15 

AO E 

5 

14 

A1[ 

6 

13 

A2 E 

7 

12 

A3[ 

8 

11 

v ccl 

9 

10 


SMALL OUTLINE 


o[ 

1 

26 

Ivss 

W[ 

2 

25 

]Q 

mi 

3 

24 

]CS 

TF[ 

4 

23 

] NC 

NC [ 

5 

22 

]A9 

A0 E 

9 

18 

]A8 

All 

10 

17 

]A7 

A2 1 

11 

16 

1 A6 

A3[ 

12 

15 

]A5 

vcct 

13 

14 

]A4 


MCM511002A 




Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 


PIN NAMES 


A0-A9 Address Input 

D Data Input 

Q . Data Output 

W Read /Write Enable 

RAS Row Address Strobe 

CS Chip Select 

Vcc Power ( + 5 V) 

Vss Ground 

TF Test Function Enable 

NC . . . . No Connection 


ZIG-ZAG IN-LINE 

A9 
Q 
D 

RAS 
NC 
AO 
A2 
VCC 
A5 
A7 


CS 

|VSS 

w 

TF 

NC 

A1 

A3 

A4 

A6 

A8 
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BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to Vgs for Any Pin Except Vcc 

v in/ v out 

-1 to +7 

V 

Test Function Input Voltage 

Vin(TF) 

- 1 to + 10.5 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

PD 

600 

mW 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C C = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 


2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 


-1.0 

- 

0.8 

V 

1 

Test Function Input High Voltage 

V|H (TF) 

V C C +4-5 

- 

10.5 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Po wer Supply Current 

icci 



mA 

2 

MCM51 1002A-70, t RC = 130 ns 


— 

80 



MCM51 1002A-80, t RC = 150 ns 


- 

70 



MCM511002A-10, t RC = 180 ns 


- 

60 



Vcc Power Supply Current (Standby) (RAS = CS = V||-|) 

'CC2 

- 

2.0 

mA 


Vcc Power Supply Current During RAS only Refresh Cycles (CS = V|h) 

'CC3 



mA 

2 

MCM51 1002A-70, t RC = 130 ns 


— 

80 



MCM51 1002A-80, t RC = 150 ns 


— 

70 



MCM511002A-10, t RC = 180 ns 


- 

60 



Vcc Power Supply Current During Static Column Mode Cycle (RAS = CS = V|(_) 




mA 

msm 

MCM51 1002A-70, t S C = 40 ns 


— 

60 


u 

MCM51 1002A-80, tsc = 45 ns 


- 

50 


■ ■ 

MCM511002A-10, t S C = 50 ns 


- 

40 


mm 

Vcc Power Supply Current (Standby) (RAS = CS = Vcc - 0.2 V) 

'CC5 

- 

1.0 



Vcc Power Supply Current During CS Before RAS Refresh Cycle 

'CC6 



mA 

2 

MCM51 1002A-70, t RC = 130 ns 


— 

80 



MCM51 1002A-80, t RC = 150 ns 


- 

70 



MCM511002A-10, t RC = 180 ns 


- 

60 



Input Leakage Current (Except TF) (0 V<Vj n <6.5 V) 

•lkg(l) 

-10 

10 

pA 


Input Leakage Current (TF) (0 V<Vj n (jp)<Vcc + °-5 V) 

'ikgll) 

-10 

10 

pA 


Output Leakage Current (CS = V|j-|, 0 V<V out <5.5 V) 

! lkg(0) 

-10 

10 

pA 


Test Function Input Current (Vcc + 4.5 V<Vj n (jF)^10.5 V) 


- 

1 

mA 


Output High Voltage (l0H = - 5 mA) 

VOH 

2.4 

- 

V 


Output Low Voltage (Iol=4.2 mA) 

VOL 

- 

0.4 

V 



CAPACITANCE (f=1.0 MHz, T A = 25°C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A9, D 

RAS, CS, W, TF 

C in 

5 

PF 

4 

7 

PF 

4 

Output Capacitance (CS = V| R to Disable Output) Q 

c out 

7 

PF 

4 


NOTES: 

1. All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per static column mode cycle. 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, 4, and 5) 


Parameter 

Symbol 





Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

- 

HOI 

- 

180 

- 


6 

Read-Write Cycle Time 

tRELREL 



- 

■ 

- 


- 

HI 

6 

Static Column Mode Cycle Time 

tAVAV 


40 

- 

45 

- 

60 

- 

H9 


Static Column Mode Read-Write Cycle Time 

tAVAV 


70 

- 

80 

- 


- 



Access Time from RAS 

tRELQV 

tRAC 

- 

70 

- 


- 

ms 

E$ 

ED 

Access Time from CS 



- 

20 

- 


- 

25 

HI 

eh 

Access Time from Column Address 

tAVQV 

tAA 

- 

35 

- 

hoh 

- 

50 

Hi 

OBI 

Access Time from Last Write 

tWLQV 

tALW 

- 

65 

- 

mm 

- 

95 

Hi 

ESQ 

CS to Output in Low-Z 

tCELQX 

tCLZ 


- 

0 


0 

- 


7 

Output Buffer and Turn-Off Delay 

tCEHQZ 


hqh 


0 

mm 

■ 

20 


mm 

Data Out Hold from Address Change 

t AXQX 

tAOH 

5 

- 

5 

- 

5 

- 

ion 


Data Out Enable from Write 

tWHQV 

tow 

- 

20 

- 

20 

- 

25 

ns 


Data Out Hold from Write 

tWHQX 

tWOH 

0 

- 

0 

- 

0 

- 



Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

US} 


RAS Precharge Time 

tREHREL 

tRP 

50 

- 


- 


- 



RAS Pulse Width 

tRELREH 

tRAS 


10,000 

80 

EO 

BE9 


ns 


RAS Pulse Width (Static Column Mode) 

tRELREH 

tRASC 


m 

80 

m 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

- 

20 

- 

25 

- 



CS Hold Time 

tRELCEH 

tCSH 

70 

- 

80 

- 

100 

- 



CS Pulse Width 


tcs 

20 

H 21 

20 


mm 

BTnm 





tcsc 

20 

gTTTil 

20 


mm 




RAS to CS Delay Time 


tRCD 

20 

50 



25 

wsm 


■a 

RAS to Column Address Delay Time 

tRELAV 


15 

35 

mm 

40 

20 

50 


14 



tCRP 

5 

- 

5 

- 

5 

- 



CS Precharge Time (Static Column Mode 

Cycle Only) 

tCEHCEL 

tCP 

10 

- 

10 

- 


- 



Row Address Setup Time 



0 

- 

0 

- 

0 

- 



Row Address Hold Time 

tRELAX 

tRAH 

10 

- 

10 

- 

15 

- 

ns 



(continued) 


NOTES: 

1. V|n min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|H and V|i_. 

2. An initial pause of 200 /is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, ail input signals must 
transition between V|h and V|l (or between V||_ and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. TF pin must be at V||_ or open if not used. 

6. The specifications for tRc (min) and tRwc l m ' n ) are used only to indicate cycle time at which proper operation over the full temperature 
range (0 °C<Ta< 70°C) is assured. 

7. Measured with a current load equivalent to 2 TTL (-200 /iA, +4 mA) loads and 100 pF with the data output trip points set at 
V 0H =2.0 V and Vql = 0.8 V. 

8. Assumes that tRCD^RCD (max). 

9. Assumes that tRCD— *RCD (max). 

10. Assumes that tp^D — *RAD (max), and/or tLWAD-tLWAD < max )- 

11. Assumes that tLWAD^fLWAD (max). 

12. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

13. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD ,s 

greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

14. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; rf tRAD ' s 

greater than the specified tRAD (max), then access time is controlled exclusively by tAA- 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM511002A-7G 

MCM511002A-80 

MCM51 1002A-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Column Address Setup Time 

'AVCEL 

'ASC 

0 

- 

0 

- 

0 

- 

ns 


Column Address Hold Time 

'CELAX 

'CAH 

15 

- 

15 

- 

20 

- 

ns 


Write Address Hold Time Referenced to RAS 

'RELAX 

'AWR 

55 

- 

60 

- 

75 

- 

ns 


Column Address Hold Time Referenced to 

RAS 

'RELAX 

'AR 

80 

- 

90 

- 

115 

- 

ns 


Column Address to RAS Lead Time 

'AVREH 


35 

- 

40 

- 

50 

- 

ns 


Column Address Hold Time Referenced to 

RAS High 



5 

- 


- 

10 

- 

ns 

15 

Write Command to CS Lead Time 


'CWL 

20 

- 

20 

- 

25 

- 

ns 


Last Write to Column Address Delay Time 

'WLAV 

'LWAD 

20 

30 

20 

35 

25 

O 


mm 

Last Write to Column Address Hold Time 

tWLAX 

'AHLW 

65 

- 

75 

- 

95 

- 



Read Command Setup Time 

tWHCEL 

■ 

flKlKi 

- 

0 

- 

0 

- 



Read Command Hold Time 

'CEHWX 

IE ■ 

° 

- 

0 

- 

0 

- 

El 

17 

Read Command Hold Time Referenced to 

RAS 



m 

- 

0 

B 

0 

B 

H 


Write Command Hold Time 

'CELWX 



- 

15 

- 

20 


El 

mm 

Write Command Hold Time Referenced to 

RAS 

'RELWH 

El 

m 

■ 

60 

- 

75 

B 



Write Command Pulse Width 

tWLWH 

| 

n 

- 

15 

- 

20 

- 

mm 


Write Command Inactive Time 

tWHWL 


10 

- 

10 

- 

mm 

- 

mm 


Write Command to RAS Lead Time 

'WLREH 


mm 

- 

20 

- 

25 

- 



Data In Setup Time 

'DVCEL 

'DS 

0 

- 

0 

- 

0 

- 


mm 

Data In Hold Time 

'CELDX 

'DH 

15 

- 

15 

- 

20 

- 


mm 

Data In Hold Time Referenced to RAS 

'RELDX 

'DHR 

55 

- 

60 

- 


- 



Refresh Period 

'RVRV 

'RFSH 

- 

8 

- 

8 

- 

8 

m 


Write Command Setup Time (Output Data 
Disable) 

tWLCEL 

twcs 

■ 

- 

0 

B 

0 

- 

a 

H 

CS to Write Delay 

'CELWL 

'CWD 

20 

- 

20 

- 

25 

- 

m 

ES 

RAS to Write Delay 

'RELWL 

'RWD 

70 

- 

80 

- 

100 

- 

mm 

mm 

Column Address to Write Delay Time 

'AVWL 

'AWD 

35 

- 

40 

- 

50 

- 


mm 

CS Setup Time for CS Before RAS Refresh 

'RELCEL 

'CSR 

10 

- 

10 

- 

10 

- 

mm 


CS Hold Time for CS Before RAS Refresh 

'RELCEH 

'CHR 

30 

- 

30 

- 

30 

- 



CS Precharge to CS Active Time 

'REHCEL 

'RPC 

0 

- 

mmmi 

- 

0 

- 



CS Precharge Time for CS Before RAS 
Counter Test 

'CEHCEL 

^3 

40 

- 

40 

- 

50 

- 

ns 


CS Precharge Time 

'CEHCEL 


10 

- 

10 

- 

15 

- 



Test Mode Enable Setup Time Referenced to 
RAS 

tTEHREL 

■ 

0 

- 

0 

- 

B 

B 

H 

u 

Test Mode Enable Hold Time Referenced to 
RAS 

'REHTEL 

'TEHR 

0 

- 

0 

- 

m 

a 

H 


Test Mode Enable Hold Time Referenced to 
CAS 

'CEHTEL 

'TEHC 

0 

— 

0 

- 

0 

- 

D 



NOTES: 

15. must be met for a read cycle. 

16. Operation within the tLWAD I* 1 ™* ensures that t^LW 030 be met- 'LWAD (max) is specified as a reference point only; if t|_\zy/\D ' s greater 
than the specified tLWAD (max) limit, then access time is controlled exclusively by t/^. 

17. Either tRRH or tRCH must be satisfied for a read cycle. 

18. tyycs, tWCH» 'RWD* 'CWD» and 'AWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If tyvcS— fWCS (min) and tyycH— iWCH (min), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if tRVVD — 'RWD (min), t^WD— 'CWD (min), and tAWD - 'AWD (min), the 
cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

19. These parameters are referenced to CS leading edge in early write cycles and to W leading edge in late write or read-write cycles. 
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READ-WRITE CYCLE 



STATIC COLUMN MODE READ CYCLE 
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RAS 

ADDRESSES 

CS 

W 

D (DATA IN) 

Q (DATA OUT) 

RAS 

ADDRESSES 

CS 

W 

D (DATA IN) 

Q (DATA OUT) 


STATIC COLUMN MODE EARLY WRITE CYCLE (A) 



VOL- 


- HIGH Z- 


STATIC COLUMN MODE EARLY WRITE CYCLE (B) 



VOL- 
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RAS 

CS 

READ CYCLE 

ADDRESSES 

Q (DATA OUT) 

W 

EARLY WRITE CYCLE 

ADDRESSES 

Q (DATA OUT) 

W 

D (DATA IN) 

READ-WRITE CYCLE 

ADDRESSES 

Q (DATA OUT) 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
t he be ginning of a memory cycle by the row address strobe 
(RAS) clock, into two separate 10-bit address fields. A total 
of twenty address bits, ten rows and ten columns, will decode 
one of the 1 ,048,576 bit locations in the device. RAS active 
transition latches the row address field. Column addresses are 
not latched, hence the "static column" designation of this 
device. Chip select (CS) active transition (active =V|[_, tRCD 
minimum) follows RAS on all read, write, or read-write cycles, 
and is independent of column address. The static column 
feature allows greater flexibility in setting up the external ex- 
ternal column addresses into the RAM. 

There are other variations in addr essing the 1M RAM: RAS 
only refresh cycle and CS before RAS refresh cycle. Both 
are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: random 
read cycle, read-write cycle, and "static column mode" read, 
and read-write. The random read cycle is outlined here, while 
the other cycles are discussed in separate sections. 

The random read cy cle be gins as described in ADDRESS- 
ING THE RAM, withJRAS active transition latching the de- 
sired row. The write (W) input level must be high (V||-|), tRCS 
(minimum) before the CS active transition, to enable read 
mode. A valid column address can be provided at any time 
(tRAD mini mum ), independent of the CS active transition. 

Both the RAS and CS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. CS must be active and column address must be valid 
by tRCD and tRAD maximums, respecti vely, to guarantee valid 
data out (Q) at tRAC (access time from RAS active transition). 
If either tRCD or tRAD maximum is exceeded, read access 
time is determined by the CS clock active transition (tCAC) 
and/o r valid column address (tAAL 

The RAS and CS clocks must remain active for a minimum 
time of tR as and tQS/ respectively, to complete the read c ycle. 
The column address must remain valid for tAH after RAS 
inactive transition to complete the read cycle. W must remain 
high throughout the cycle, and for time tRRH or tRCH after 
RAS or CS inactive transition, resp ectively, to maintain the 
data at that bit location. Once RAS transitions to inactive, it 
must remain inactive for a minimum time of tRp to precharge 
the internal device circuitry for the next active cycle. Q is valid, 
but not latched, as long as the CS clock is active. When the 
CS clock transitions to inactive, the output will switch to 
High Z. 


WRITE CYCLE 

The DRAM may be written with any of four cycles: early 
write, late write and "static column mode" early write, and 
read-write. Early and late write modes are discussed here, while 
static column mode write operations are covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|[_ level). Early andjate write modes are distinguished by the 
active transition of W with respect to CS leading edge. Min- 
imum active time tRAS and *CS/ and precharge time tRp apply 
to write mode, as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time tyvCS before CS active transition. Column 
address set up and hold times (tASC/ tCAHh and data in (D) 
set up and hold ti mes ( tps, tpn) are referenced to CS in an 
early write cycle. RAS and CS clocks must stay active for 
tRWL and tcWL/ respectively, after the start of the early write 
operation to complete the cycle. 

Q remains High Z throughout an early write cycle because 
W active transition precedes or coincides with CS active tran- 
sition, keeping data-out buffers disabled. This feature can be 
utilized on systems with a common I/O bus, provided all writes 
are performed with early write cycles, to prevent bus 
contention. __ 

A late write cycle occurswhen W active transition is made 
after CS active transition. W active transition could be delayed 
for almost 10 microseconds after CS active transition, 
<tRCD + *CWD + tRWL + 2t T) LIRAS' if °tber timing mini- 
mums (tRCD/ tRWL/ and tj) are maintained Column address 
and D timing parameters are referenced to W active transition 
in a late write cycle. Output buffers are enabled by CS active 
transition but Q may be indeterminate— see note 18 of AC 
operating conditions table. Parameters tRWL and tcWL al s0 
apply to late write cycles. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tQWD and/or tAWD minimum, 
to guarantee valid Q before writing the bit. 

STATIC COLUMN MODE CYCLES 

Static column mode refers to multiple successive data op- 
erations performed at any or all 1024 column loca tions on the 
selected row of the 1M dynamic RAM during one RAS cycle. 
Read access time of multiple opera tions (tAA or *CAC) is 
considerably faster than the regular RAS clock access time 
tRAC - Multiple operations can be performed simply by keeping 
RAS active. CS may be togg led b etween active and inactive 
states at any time within the RAS cycle. 

Once the timing requireme nts fo r the initial read, write, or 
read-write cycle are met and RAS remains low, the device is 
ready for the next operation. Operations can be intermixed in 
any order, at any column address, subject to normal operating 
conditions previously described. Every write operation must 
be clocked with either CS or W, as indicated in static column 
mode early write cycle timing diagrams A and B. Column 
address and D timing parameters are referenced to the signal 
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clocking the write operation. CS must be toggled inactive (tcp) 
to perform a read operation after an early write operation (to 
turn output on), as indicated in static column mode read/ 
write mixed cycle timing diagram. The maximum number of 
conse cutive operations is limited by tRASC- The cycle ends 
when RAS transitions to inactive. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM511002A require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM511002A. Burst refresh, a re- 
fresh of all 512 rows consecutively, must be performed every 
8 milliseconds on the MCM511002A. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with th e part icular 
row decoded. Three othe r methods of refresh, RAS only 
refresh, CS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, latching 
the row address to be refreshed, while CS remains high (V|h) 
throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CS Before RAS Refresh 

CS b efore RAS refresh is enabled by bringing CS active before 
RAS. This clock order activates an internal refresh counter 
that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while maintaining 
valid data at the output pin. Hold ing CS active at the end of 
a read or write cycle, while RAS cycles inactive for tpp and 
back to active, starts the hidde n refresh. This is essentially the 
execution of a CS before RAS refresh from a cycle in progress 
(see Figure 1). 


CS BEFORE RAS REFRESH COUNTER TEST 

The internal refr esh co unter of this device can be tested 
with a CS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 test cycles, as indicated by th e check 
data written in each row. See CS before RAS refresh 
counter test cycle timing diagram. 

The test can be performed after a minimum of eight CS 
before RAS initialization cycles. Test procedure: 

1 . Write "0"s into all memory cells with normal write mode. 

2. Select a column address, read "0" out and write "1" into 
the cell by performing the CS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

3. Read the "1 "s which were written in step 2 in normal read 
mode. 

4. Using the same column address as in step 2, read "1" 
out an d writ e “0" into the cell by performing the CS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read "0"s which were written at in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 

TEST MODE 

Internal organization of this device (256K x 4) allows it to be 
tested as if it were a 256K x 1 DRAM. Only nine of the ten 
addresses (A0-A8) are used in test mode; A9 is internally 
disabled. A test mode write cycle writes data, D (data in), to 
a bit in each of the four 256Kx 1 blocks (B0-B3), in parallel. 
A test mode read cycle reads a bit in each of the four blocks. 
If data is the same in all four bits, Q (data out) is the same as 
the data in each bit. If data is not the same in all four bits, Q 
is high Z. See truth table and block diagram. 

Test mode can be used in any timing cycle, including page 
mode cycles. The test mode function is enabled by holding 
the "TF" pin on "super voltage" for the specified period (tjES» 
tTEHR, tTEHC; see TEST MODE CYCLE). 

"Super voltage" = V qc + 4.5 V 

where 

4.5 VcVcc <5.5 V and maximum voltage = 10.5 V. 

A9 is ignored in test mode. In normal operation, the "TF" 
pin must either be connected to V||_, or left open. 


CS BEFORE RAS CS BEFORE RAS 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 
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Figure 1. Hidden Refresh Cycle 


MOTOROLA MEMORY DATA 


2-255 



MCM511002A 


Test Mode Truth Table 


D 

B0 

B1 

B2 

B3 

Q 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

- 


Any Other 


High-Z 


TEST MODE CYCLE 



TEST FUNCTION BLOCK DIAGRAM 



ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 511002A X XX XX 


Motorola Memory Prefix - 
Part Number 


x_ 


-Shipping Method (R2 = Tape & Reel, 
Blank = Rails) 

Speed (70 = 70 ns, 80 = 80 ns, 
10=100 ns) 


-Package (P = 300 mil Plastic DIP, 

J =300 mil SOJ, Z = Plastic ZIP) 


Full Part Numbers- MCM511002AP70 
MCM51 1002AP80 
MCM511002AP10 


MCM51 1002AJ70 
MCM51 1002AJ80 
MCM511002AJ10 


MCM51 1002AJ70R2 
MCM51 1002AJ80R2 
MCM51 1002AJ10R2 


MCM51 1002AZ70 
MCM51 1002AZ80 
MCM51 1002AZ10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


256 Kx4 CMOS Dynamic RAM 

Page Mode, Commercial and Industrial 
Temperature Range 

The MCM514256A is a 1 .Op CMOS high-speed, dynamic random access memory. It is 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM514256A requires only nine address lines; row and column address inputs 
are multiplexed. The device is packaged in a standard 300-mil dual-in-line package (DIP), 
a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line package (ZIP). 

• Two Temperature Ranges: Commercial — 0°C to 70°C 

Industrial 40°C to +85°C 

• Three-State Data Output 

• Fast Page Mode 

• TTL-Compatible Inputs and Output 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM514256A = 8 ms 
MCM51 L4256A = 64 ms 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM514256A-70 and MCM51L4256A-70 = 70 ns (Max) 

MCM514256A-80 and MCM51 L4256A-80 = 80 ns (Max) 

MCM514256A-10 and MCM51L4256A-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM514256A-70 and MCM51L4256A-70 = 440 mW (Max) 

MCM514256A-80 and MCM51 L4256A-80 = 385 mW (Max) 

MCM51 4256A-1 0 and MCM51 L4256A-1 0 = 330 mW (Max) 


MCM514256A 



MCM51 L4256A 


P PACKAGE 
300 MIL PLASTIC 
CASE 738A 


J PACKAGE 
300 MIL SOJ 
CASE 822 


Z PACKAGE 
PLASTIC 
ZIG-ZAG IN-LINE 
CASE 836 



PIN NAMES 


A0-A8 Address Input 

DQ0-DQ3 Data Input/Output 

(3 Output Enable 

W Read/Write Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

Vqq Power Supply (+5 V) 

Vss Ground 

NC No Connection 


• Low Standby Power Dissipation: 

MCM514256A and MCM51L4256A = 11 mW (Max), TTL Levels 
MCM514256A = 5.5 mW (Max), CMOS Levels 
MCM51 L4256A = 1 .1 mW (Max), CMOS Levels 


PIN 

ASSIGNMENT 


DUAL-IN-LINE 


DQO [j 

1* 

20 

] V SS 

DQ1 [ 

2 

19 

] DQ3 

W C 

3 

18 

] DQ2 

RAS [ 

4 

17 

] CAS 

NC [ 

5 

16 

] G 

AO [ 

6 

15 

] A8 

A1 [ 

7 

14 

] A7 

A2 [ 

8 

13 

] A6 

A3 [ 

9 

12 

] A5 

v cc E 

10 

11 

] A4 


SMALL OUTLINE 


DQO [ 

1 

26 

] V SS 

dqi q 

2 

25 

] DQ3 

W [ 

3 

24 

] DQ2 

ras q 

4 

23 

] CAS 

NC C 

5 

22 

] G 

AO [ 

9 

18 

] A8 

A1 [j 

10 

17 

] A7 

A2[ 

11 

16 

] A6 

A3 C 

12 

15 

] A5 

V CC [ 

13 

14 

] A4 


ZIG-ZAG IN-LINE 


G 

DQ2 

V SS 

DQ1 

RAS 

AO 

A2 

V CC 

A5 

A7 


1 - 

2 

3 



_4 

5 

6 

7 


= = 

8 

9 



10 

11 

12 

13 

= = 


14 

1_5_ 



16 

17 

= = 


18 = 

19 



20 


= = 


CAS 

DQ3 

DQO 

W 

NC 

A1 

A3 

A4 

A6 

A8 
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BLOCK DIAGRAM 


W 


DQ0-DQ3 


T — \ . 1 

DATA IN 

-1 J 

rn 

BUFFER 


CAS- 


AO - 
A1 - 
A2- 
A3 - 
A4- 
A5- 
A6- 
A7 - 
A8- 


RAS- 


NO. 2 CLOCK 
GENERATOR 


A 

■V BUFFERS (9) 




COLUMN 

ADDRESS 


REFRESH 
CONTROLLER/ 
COUNTER (9) 


NO. 1 CLOCK 
GENERATOR 


ROW ADDRESS 
BUFFERS (9) 


DATA OUT 
BUFFER 


0) 


§Q 

DO 

cco 


512 


COLUMN 

DECODER 


512x4 


512x4 


SENSE AMP 
I/O GATING 


MEMORY 

ARRAY 

512x512x4 


SUBSTRATE 

BIAS 

GENERATOR 


G 


vcc 

V SS 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vgs for Any Pin Except Vqq 

v in> V 0 ut 

-1 to +7 

V 

Data Out Current 

lout 

50 

mA 

Power Dissipation 

PD 

600 

mW 

Operating Temperature Range Commercial 

Industrial 

t a 

0 to +70 
-40 to +85 

°C 

Storage Temperature Range 

Tsto 

-55 to +150 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 0 v ±1 0%. T a = 0 to 70°C and -40 to +85°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

VlL 

-1.0 

— 

0.8 

V 

1 
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DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

MCM514256A-70 and MCM51L4256A-70, t RC = 130 ns, Ta = 0°C to 70°C 
MCM514256A-80 and MCM51 L4256A-80, t RC - 150 ns, Ta = 0°C to 70°C 

MCM51 4256A-1 0 and MCM51 L4256A-1 0, t R n = 1 80 ns, Ta = 0°C to 70°C 

MCM51 4256A-C70 and MCM51L4256A-C70, t R n = 130 ns, Ta = -40°C to +85°C 
MCM51 4256A-C80 and MCM51 L4256A-C80, t R Q = 150 ns, Ta = -40°C to +85°C 
MCM51 4256A-C1 0 and MCM51 L4256A-C1 0, t R Q = 1 80 ns, T A = -40°C to +85°C 

>CC1 

- 

80 

70 

60 

85 

75 

65 

mA 

3 

Vcc Power Supply Current (Standby) (RAS=CAS=Viu) 

MCM51 4256A- and MCM51 L4256A-, Ta = 0°C to 70°C 

MCM51 4256A-C and MCM51 L4256A-C, T A = -40°C to +85°C 

>CC2 

- 

2 

3 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles (CAS=Vju) 

MCM514256A-70 and MCM51 L4256A-70, t RC = 130 ns, T A = 0°C to 70°C 

MCM51 4256A-80 and MCM51 L4256A-80, t RC = 1 50 ns, T A = 0°C to 70°C 

MCM51 4256A-1 0 and MCM51L4256A-10, t R c = 180 ns, T A = 0°C to 70°C 

MCM51 4256A-C70 and MCM51 L4256A-C70, t R c = 1 30 ns, T A = -40°C to +85°C 
MCM51 4256A-C80 and MCM51 L4256A-C80, t R c = 1 50 ns, T A = -40°C to +85°C 
MCM51 4256A-C1 0 and MCM51 L4256A-C1 0, t R c = 1 80 ns, T A = -40°C to +85°C 

•CC3 

- 

80 

70 

60 

85 

75 

65 

mA 

3 

Vcc Power Supply Current During Fast Page Mode Cycle (RAS = Vn ) 

MCM514256A-70 and MCM51 L4256A-70, tpc = 40 ns, T A = OX to 70°C 
MCM514256A-80 and MCM51 L4256A-80, tpc = 45 ns, T A = 0°C to 70°C 
MCM514256A-10 and MCM51L4256A-10, t PC = 55 ns, T A = 0°C to 70°C 

MCM51 4256A-C70 and MCM51 L4256A-C70, t P Q = 40 ns, T A = -40°C to +85°C 
MCM51 4256A-C80 and MCM51 L4256A-C80, tpc = 45 ns, T A = -40°C to +85°C 
MCM51 4256A-C1 0 and MCM51 L4256A-C1 0, t PC = 55 ns, T A = -40°C to +85°C 

'CC4 

z 

60 

50 

40 

65 

55 

45 

mA 

3,4 

Vcc Power Supply Current (Standby) (RAS=CAS=Vqc-0.2 V) 

MCM514256A-, T A = 0°C to 70°C and MCM514256A-C, T A = -40°C to +85°C 
MCM51 L4256A-, Ta = 0°C to 70°C 

MCM51 L4256A-C, T A = -40°C to +85°C 

>CC5 

_ 

1.0 

200 

400 

mA 

|xA 

HA 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

MCM514256A-70 and MCM51 L4256A-70, t R c = 130 ns, T A = 0°C to 70°C 

MCM51 4256A-80 and MCM51 L4256A-80, t RC = 1 50 ns, T A = 0°C to 70°C 

MCM51 4256A-1 0 and MCM51 L4256A-10, t RC = 180 ns, T A = 0°C to 70°C 
MCM514256A-C70 and MCM51 L4256A-C70, t RC = 130 ns, T A = -40°C to +85°C 
MCM51 4256A-C80 and MCM51 L4256A-C80, t RC = 1 50 ns, T A = -40°C to +85°C 
MCM51 4256A-C1 0 and MCM51 L4256A-C1 0, t R c = 1 80 ns, T A = -40°C to +85°C 

>CC6 

- 

80 

70 

60 

85 

75 

65 

mA 

3 

Vcc Power Supply Current, Battery Backup Mode (t R Q = 1 25 ps, t RA g = 1 ps, 
CAS=CAS Before RAS Cycle or 0.2 V, A0-A9, W, D = V cc - 0.2 V or 0.2 V) 

MCM51 L4256A-, T A = 0°C to 70°C 

MCM51 L4256A-C, T A = -40°C to +85°C 

'CC5 

- 

300 

500 

M-A 

3 

Input Leakage Current (0 V < Vj n < 6.5 V) 

•ikqd) 

-10 

10 

mA 


Output Leakage Current (CAS = V| R , 0 V < V out < 5.5 V, Output Disable) 

'ikafO) 

-10 

10 

mA 


Output High Voltage (Iqh = ~ 5 mA ) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA ) 

v OL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance A0-A8 

G, RAS, CAS, W 

C|'n 

5 

PF 

4 

7 

I/O Capacitance (CAS = V||_| to Disable Output) DQ0-DQ3 

Gout 

7 

P F 

4 


NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to 70°C and -40 to +85°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCM51 4256A-70 
MCM51 L4256A-70 

MCM514256A-80 
MCM51 L4256A-80 

MCM51 4256A-1 0 
MCM51 L4256A-1 0 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

— 

150 

— 

180 

— 

ns 

5 

Read-Write Cycle Time 

tRELREL 

tRMW 

185 

— 

205 

— 

245 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

40 

— 

45 

— 

55 

— 

ns 


Fast Page Mode Read-Write Cycle 
Time 

tCELCEL 

tPRMW 

95 

— 

100 

— 

115 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

70 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

l AA 

— 

35 

— 

40 

— 

50 

ns 

6,9 

Access Time from CAS Precharge 

tCEHQV 

tCPA 

— 

35 

— 

40 

— 

50 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

- 

70 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

25 

— 

ns 


RAS Hold Time from CAS 

Precharge (Page Mode Cycle Only) 

tCELREH 

tRHCP 

35 

— 

40 

— 

50 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 

100 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

10 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

— 

10 

— 

15 

— 

ns 


CAS Precharge Time (Page Mode 
Cycle Only) 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

*AVREL 

tASR 

0 

— 

0 

— 

0 

- 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

15 

— 

ns 



(continued) 


NOTES: 

1 . V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V||_. 

2. An initial pause of 200 [is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V||_| and V|[_ (or between V|l and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tRp ( min ) and tRMW ( min ) are used on| y t0 indicate cycle time at which proper operation over the full temperature 
range (0°C < Ta < 70°C and -40 to +85°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 |iA, +4 mA) loads and 100 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tppp < tRpp (max). 

8. Assumes that tRQo > tRpp (max). 

9. Assumes that tRAD ^ tRAD (max). 

1 0. tQFF (max) and/or tQz (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

11 . Operation within the tRpp (max) limit ensures that tRAC (max) can be met. tRpp (max) is specified as a reference point only; if tRpp is 
greater than the specified tRpp (max) limit, then access time is controlled exclusively by tpAQ. 

1 2. Operation within the tR/\p (max) limit ensures that tRAC (max) can be met. tRAP (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAP (max) limit, then access time is controlled exclusively by tAA- 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 





MCM51 4256A-70 

MCM514256A-80 

MCM51 4256A-1 0 



Parameter 

Symbol 

MCM51 L4256A-70 

MCM51 L4256A-80 

MCM51 L4256A-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Column Address Setup Time 

tAVCEL 

*ASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 

15 

— 

20 

— 

ns 


Column Address Hold Time 

tRELAX 

*AR 

55 

— 

60 

— 

75 

_ 

ns 


Referenced to RAS 









Column Address to RAS Lead Time 

*AVREH 

tRAL 

35 

— 

40 

— 

50 

— 

ns 


Read Command Setup Time 

tWHCEL 

tecs 

0 

— 

0 

— 

0 

_ 

ns 


Read Command Hold Time 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

*WCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time 
Referenced to RAS 

tRELWH 

tWCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

*WLWH 

twp 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

tyVLREH 

tRWL 

20 

— 

20 

— 

25 

— 

ns 


Write Command to CAS Lead Time 

tWLCEH 

tCWL 

20 

— 

20 

— 

25 

_ 

ns 


Data in Setup Time 

tDVCEL 

l DS 

0 

— 

0 

— 

0 

— 

ns 

14 

Data in Hold Time 

tCELDX 

l DH 

15 

— 

15 

— 

20 

— 

ns 

14 

Data in Hold Time Referenced to 

tRELDX 

tDHR 

55 

_ 

60 

_ 

75 

— 

ns 


RAS 









Refresh Period MCM514256A 

tRVRV 

tRFSH 

— 

8 

— 

8 

— 

8 

ms 


MCM51 L4256A 

— 

64 

— 

64 

— 

64 



Write Command Setup Time 

tyVLCEL 

twcs 

0 

— 

0 

— 

0 


ns 

15 

CAS to Write Delay 

tCELWL 

*CWD 

50 

— 

50 

— 

60 


ns 

15 

RAS to Write Delay 

tRELWL 

tRWD 

100 

— 

110 

— 

135 


ns 

15 

Column Address to Write Delay 

Time 

*AVWL 

tAWD 

65 

— 

70 

— 

85 

— 

ns 

15 

CAS Precharge to Write Delay 

*CEHWL 

tCPWD 

65 

— 

70 

— 

85 

— 

ns 

15 

CAS Setup Time for CAS Before 

tRELCEL 

tCSR 

5 

— 

5 

— 

5 

— 

ns 


RAS Refresh 











CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

20 

— 

ns 


RAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


Before RAS Counter Test 











RAS Hold Time Referenced to G 

kaLREH 

tROH 

10 

— 

10 

— 

20 

— 

ns 


G Access Time 

*GLQV 

tGA 

— 

20 

— 

20 

— 

25 

ns 


G to Data Delay 

tGLHDX 

tGD 

20 

— 

20 

— 

25 

— 

ns 


Output Buffer Turn-Off Delay Time 
from G 

tGHQZ 

tGZ 

0 

20 

0 

20 

0 

25 

ns 

10 

G Command Hold Time 

tWLGL 

tGH 

20 

— 

20 

— 

25 

— 

ns 



NOTES: 

1 3. Either tRRH or tRQR must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in delayed write or read-write cycles. 

1 5. tyvcs- tRWD’ tCWD> tCPWD’ ancl *AWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if tyyQs £ tyyQg ( min ). the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 
the entire cycle; if tQWD - tCWD ( m * n )> tRWD - tRWD ( m ' n )> tcPWD - tCPWD ( m * n )> an d tAWD - tAWD l 171 ' 11 )- the cycle is a read-write 
cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 
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READ CYCLE 



EARLY WRITE CYCLE 
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G CONTROLLED LATE WRITE CYCLE 





— — 






READ-WRITE CYCLE 



, V IH 7 \A ROW 


mmmmm 


HH 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE EARLY WRITE CYCLE 
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FAST PAGE MODE READ-WRITE CYCLE 



VALID VALID VALID VALID VALID VALID 

DATA OUT DATA IN DATA OUT DATA IN DATA OUT DATA IN 
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HIDDEN REFRESH CYCLE (READ) 




HIDDEN REFRESH CYCLE (EARLY WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 9-bit address fields. A total of eighteen address bits, nine 
rows and nine colum ns, w ill decode one of the 262, 1 44 bit lo- 
cations in the device. RAS active transition is followed by CAS 
active transition (active = V||_, tR pp m ini mum) for all read or 
write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s gate feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

The re ar e two other variations i n add ressin g the 256Kx4 
RAM: RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: normal 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CAS_active transitions latching 
the desired bit location. The write (W) in put level must be high 
(V||_|), tRcs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read 
access time of the device is independent of the address multi- 
plex window. Both CAS and output enable (G) control read 
access time: CAS must be active before or at tRQQ maxi mum 
and G must be active tRAC _t GA (both minimum) after RAS 
active transition t o gua rantee valid data out (Q) at tRAC 
(access time from RAS active transition). If the tRQQ maxi- 
mum is exceeded and/or G active transition does n ot occ ur in 
time, read access time is determined by either the CAS or G 
clock active tra nsition (tQAC or tGA)- 

The RAS and CAS clocks must remain active for a minimum 
time oMras and tCAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQH after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for the next active 


cycle. Q is valid, but not latched, as lon g as the CAS and G 
clocks are active. When either the CAS or G clock transitions 
to inactive, the output will switch to High Z, tQFF or l GZ after 
the inactive transition. 

WRITE CYCLE 

The DRAM may be written with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|l). Early and late write modes ar e dist inguished by the 
active transition of W, with respect to CAS. Minimum active 
time tRAS and *CAS’ and precharge time tRp apply to write 
mode, as in the read mode. 

An early write cycle is cha racter ized by W active transition at 
minimum time ty ycs b efore CAS active transit ion. D ata I n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRWL and tQWL> respectively, after 
the start of the early write operation to complete the cycle. 
_Q remains High Z throughout an early write cy cle be cause 
W active transition precedes or coincides with CAS active 
transition, keeping data out buffers disabled, effectively disab- 
ling G. 

A fate write cycle (referred to as G c ontro lled write) occurs 
when W active transition is made after CAS active transition. 
W active t ransit ion could be delayed for almost 1 0 microsec- 
onds after CAS active transition, (tRQQ + *CWD + tRWL + tr) 
< tRAS- timing minimumsJtRQD, tRWL> and *t) are main- 
tained. D is referenced to W active trans ition in a late write 
cycle. Output buffers are enabled by CAS active transition but 
Q may be indeterminate— see note 1 5 of AC operating condi- 
tions table. Parameters tRWL and ! C WL also apply to late write 
cycles. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for t CWD minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 51 2 
column locations on a selected row of the 256Kx4 dynamic 
RAM. Rea d acce ss time in page mode (tQAC) is typically half 
the regular RAS clock ac cess time, tRAC- Page mo de op era- 
tion consists of keeping RAS active while togg ling CAS be- 
tween V||_j and V||_. The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sect ions. Once the 
timing requirements for the first cy cle ar e met, CAS transitions 
to inacti ve for minimum tQp, while RAS r emains low (V||_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpQ or tpRwc)- Either a read, write, or 
read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation 
(previously described). These operations can be intermixed in 
consecutive page mode cycles and performed in any order. 
The maximum number of consecutive page mode cycl es is 
limited by tRASP- Pa 9 e mode operation is ended when RAS 
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transitions to inactive, coincident with or following CAS 
inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in the 
MCM514256A require refresh every 8 milliseconds while re- 
fresh time for the MCM51 L4256A is 64 milliseconds.. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 
1 5.6 microseconds for the MCM51 4256A and 1 24.8 microsec- 
onds for the MCM51 L4256A. Burst refresh, a refresh of all 51 2 
rows consecutively, must be performed every 8 milliseconds 
on the MCM514256A and 64 milliseconds on the 
MCM51 L4256A. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (2048) associated with t he pa rticular row de- 
coded. Thre e othe r mehtods of refresh, RAS-only refresh, 
CAS before RAS refresh, and Hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(Vjh) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External 
address lines are ignored during the automatic refresh cycle. 
The output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 


Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh . This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is 
refreshed after 51 2 c ycles, as indi cated by the check data writ- 
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. 

The t est c an be performed after a minimum of eight CAS 
before RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column addre ss, re ad “0” o ut and write “1 ” into the 
cell by performing the CAS before RAS refresh counter 
test, read-write cycle. Repeat this operation 512 times. 

3. Read the “1”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
“1” out and w rite “0” into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read “0”s which were written in step 4 in normal read mode. 

6. Repeat steps 1 to 5 using complement data. 
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Figure 1. Hidden Refresh Cycle 
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ORDERING INFORMATION 
(Order by Full Part Number) 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (70 = 70 ns, 80 = 80 ns, 1 0 = 1 00 ns) 

Temperature (Blank = 0 to 70°C, 

C = -40 to 85°C) 

Package (P = 300 mil Plastic DIP, 

J = 300 mil SOJ, Z = Plastic ZIP) 



Commercial Temperature Range 0 to 70°C 

Full Part Numbers— MCM514256AP70 MCM514256AJ70 MCM514256AJ70R2 MCM514256AZ70 

MCM51 4256AP80 MCM514256AJ80 MCM514256AJ80R2 MCM514256AZ80 

MCM51 4256AP1 0 MCM514256AJ10 MCM514256AJ10R2 MCM514256AZ10 

MCM51 L4256AP70 MCM51L4256AJ70 MCM51 L4256AJ70R2 MCM51L4256AZ70 

MCM51 L4256AP80 MCM51L4256AJ80 MCM51 L4256AJ80R2 MCM51L4256AZ80 

MCM51 L4256AP1 0 MCM51L4256AJ10 MCM51L4256AJ10R2 MCM51L4256AZ10 


Industrial Temperature Range -40 to +85°C 

MCM51 4256APC70 MCM514256AJC70 MCM514256AJC70R2 MCM51 4256AZC70 

MCM51 4256APC80 MCM514256AJC80 MCM514256AJC80R2 MCM514256AZC80 

MCM51 4256APC1 0 MCM514256AJC10 MCM514256AJC10R2 MCM514256AZC10 

MCM51 L4256APC70 MCM51 L426AJC70 MCM51L426AJC70R2 MCM51 L4256AZC70 

MCM51 L4256APC80 MCM51L426AJC80 MCM51 L426AJC80R2 MCM51 L4256AZC80 

MCM51 L4256APC1 0 MCM51L426AJC10 MCM51L426AJC10R2 MCM51L4256AZC10 

NOTE: Low Power Industrial Temperature SOJ device part numbers are one character shorter than corresponding 
PDIP or ZIP part numbers. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


256K x 4 CMOS Dynamic RAM 

Page Mode 

The MCM514256B is a 0.8p CMOS high-speed, dynamic random access memory. It is 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process 
technology. Advanced circuit design and fine line processing provide high performance, 
improved reliability, and low cost. 

The MCM514256B requires only nine address lines; row and column address inputs are 
multiplexed. The device is packaged in a 300-mil SOJ plastic package, and a 100-mil zig- 
zag in-line package (ZIP). 

• Three-State Data Output 

• Fast Page Mode 

• TTL-Compatible Inputs and Output 

• RAS Only Refresh 

• CAS Before RAS Refresh 


MCM514256B 
MCM51 L4256B 



• Hidden Refresh 


• 512 Cycle Refresh: 

MCM514256B - 8 ms 
MCM51 L4256B = 64 ms 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM51 4256B-60 and MCM51L4256B-60 = 60 ns (Max) 
MCM514256B-80 and MCM51L4256B-80 = 80 ns (Max) 

• Low Active Power Dissipation: 

MCM514256B-60 and MCM51 L4256B-60 = 495 mW (Max) 
MCM514256B-80 and MCM51 L4256B-80 « 385 mW (Max) 

• Low Standby Power Dissipation: 

MCM514256B and MCM51L4256B = 11 mW (Max), TTL Levels 
MCM514256B = 5.5 mW (Max), CMOS Levels 
MCM51 L4256B = 1.1 mW (Max), CMOS Levels 


PIN NAMES 

A0-A8 .... 

Address Input 

DQ0-DQ3 . 

Data Input/Output 

G 

Output Enable 

W 

Read/Write Input 

RAS 

Row Address Strobe 

CAS 

. . Column Address Strobe 

vcc 

Power Supply (+ 5 V) 

v ss 

Ground 

NC 

No Connection 


PIN ASSIGNMENT 


ZIG-ZAG IN-LINE 


DQO q 


AO [ 
A1 C 




1 

G 

= 1 = 


IALL OUTLINE 


3 

2_ 




DQ2 


4 

1 

26 

V S S 


5 





Vss 

= = 


2 

25 

] DQ3 




3 

24 

] DQ2 

DQ1 


8 

4 

23 

3 CAS 

RAS 

9 

10 

5 

22 

]G 


11 





AO 


12 





13 

= = 

9 

18 

] A8 

A2 


1 4 _ 

10 

17 

] A7 

Vcc 

1_5_ 

16 

11 

16 

3 A6 

A5 

1_7_ 

= = 

12 

15 

] A5 


1_9_ 

18 

13 

14 

] A4 

A7 


20 








CAS 

DQ3 

DQO 

W 

NC 

A1 

A3 

A4 

A6 

A8 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


W- 


CAS- 


A0- 
A1 - 
A2- 
A3- 
A4- 
A5 - 
A6- 
A7- 
A8- 


RAS- 


3D- 


NO. 2 CLOCK 
GENERATOR 


ffl 


COLUMN 
ADDRESS 
BUFFERS (9) 


REFRESH 

CONTROLLER/ 

COUNTER (9) 


ROW ADDRESS 
BUFFERS (9) 


NO. 1 CLOCK 
GENERATOR 


(9) 


DATA IN 
BUFFER 


DQ0-DQ3 


DATA OUT 
BUFFER 


Tw 


512 


COLUMN 

DECODER 


512x4 


512x4 


SENSE AMP 
I/O GATING 


MEMORY 

ARRAY 

512x512x4 


SUBSTRATE 

BIAS 

GENERATOR 


'Vcc 

-Vss 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to Vss for Any Pin Except Vqc 

Vin,V 0 ut 

-1 to +7 

V 

Data Out Current 

taut 

50 

mA 

Power Dissipation 

PD 

600 

mW 

Operating Temperature Range 

ta 

0 to +70 

°C 

Storage Temperature Range 

T stg 

-55 to +150 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = o to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

E5HH1 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

■ 

4.5 

5.0 

5.5 


mm 



0 

0 

0 

WM 

■ 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

V 

i 

Logic Low Voltage, All Inputs 

V|L 

-1 .0 

— 

0.8 

V 

i 
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DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 


EES! 

Vcc Power Supply Current 

MCM51 4256 B-60 and MCM51L4256B-60, tRC = 110 ns 

MCM51 4256 B-80 and MCM51L4256B-80, tRC = 150 ns 

•cci 

- 

90 

70 

mA 

3 


<CC2 



2 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles (CAS=V|r) 

MCM51 4256 B-60 and MCM5 1 L4256B-60, tRC = 1 1 0 ns 

MCM51 4256 B-80 and MCM51L4256B-80, t RC = 150 ns 

ICC3 

H 

90 

70 

mA 

3 

Vcc Power Supply Current During Fast Page Mode Cycle (RAS = Vji) 

MCM51 4256B-60 and MCM51L4256B-60, tpc = 40 ns 

MCM51 4256 B-80 and MCM51L4256B-80, tpc = 45 ns 

'CC4 

H 

60 

50 

mA 

m 

VCC MCM51 42§6^ Current (^andby) (RAS=CAS=Vcc~0- 2 V) 

MCM51 L4256B- 

ICC5 

H 

1.0 

200 

mA 

pA 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

MCM51 4256 B-60 and MCM51L4256B-60, tRC = 110 ns 

MCM51 4256 B-80 and MCM51L4256B-80, tRC = 150 ns 

'CC6 

- 

90 

70 


3 

Vcc Power Supply Current, Battery Backup ModeJtRc = 125 ps, tRAS = 1 ps, 
CAS=CAS Before RAS Cycle or 0.2 V, AO-A8, W, D = Vcc - 0.2 V or 0.2 V) 

MCM51 L4256B- 

'CC5 


300 

H 


Input Leakage Current (0 V £ Vj n £ 6.5 V) 

'ikg(i) 

-10 

10 

pA 


Output Leakage Current (CAS = V|r, 0 V 1 V 0 ut £ 5.5 V, Output Disable) 

'lkg(O) 

-10 

10 

pA 


Output High Voltage (Ioh = ~5 mA) 

VOH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

VOL 

— 

0.4 

V 



CAPACITANCE (f * 1.0 MHz, Ta = 25°C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter | 

Symbol 

Max 

BEH 

E22I! 

Input Capacitance 

A0-A8 
RAS, CAS, W 

Cin 

5 

7 

PF 

4 

I/O Capacitance (CAS = V|R to Disable Output) 

DQ0-DQ3 

c out 

7 

PF 

4 


NOTES: 

1 . All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = I At/A V. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCM51 4256B-60 
MCM51 L4256B-60 

MCM51 4256B-80 
MCM51 L4256B-80 

Units 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 


110 

— 

150 

— 

ns 

5 

Read-Write Cycle Time 

tRELREL 

tRMW 

165 

— 

205 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

40 

— 

45 

— 

ns 


Fast Page Mode Read-Write Cycle Time 

tCELCEL 

tPRMW 

95 

— 

100 

— 

291 


Access Time from RAS 

tRELQV 


— 

60 

— 

80 

■ 

6,7 

Access Time from CAS 



— 

20 

— 

20 

ns 

6, 8 

Access Time from Column Address 

tAVQV 


— 

30 

— 

40 

El 

6,9 

Access Time from CAS Precharge 

tCEHQV 


— 

35 

— 

45 

2 

6 

CAS to Output in Low-Z 



0 

— 

0 

— 


6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

*T 

*T 

3 

50 

3 

50 

ns 


RAS Precharge Time 


tRP 

40 

— 

60 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

60 

10,000 

80 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

60 

100,000 

80 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

ns 


RAS Hold Time from CAS Precharge (Page 
Mode Cycle Only) 

tCELREH 

tRHCP 

35 

— 

40 

— 

ns 


CAS Hold Time 



60 

— 

80 

— 

ns 


CAS Pulse Width 

tCELCEH 

*CAS 

20 

10,000 

20 


121111 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

40 

20 

60 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

30 

15 

40 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 

10 

— 

2^^ 


Row Address Setup Time 

*AVREL 

tASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

ns 



(continued) 


NOTES: 

1 . V|H min and V|[_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V||_. 

2. An initial pause of 200 fis is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|H and V||_ (or between V||_ and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tRp (min) and tR^yy (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0°C ^ Ta ^ 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 100 pF with the data output trip points set at Voh = 2.0 
V and Vql = 0.8 V. 

7. Assumes that tRpp £ l RCD (max). 

8. Assumes that tRpp ^ l RCD (max). 

9. Assumes that Iraq ^ l RAD (max). 

1 0. tQFF (max) and/or tQZ (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

11. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD is 
greater than the specified tRpp (max) limit, then access time is controlled exclusively by tQAC- 

12. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tR/\p (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by t/^\. 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM51 4256B-60 
MCM51 L4256B-60 

MCM514256B-80 
MCM51 L4256B-80 

Unit 

Std 

Alt 

Min 

Max 

Min 

Max 

Column Address Setup Time 

tAVCEL 

tASC 

0 

— 

0 

— 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 

15 

— 

ns 

Column Address Hold Time Referenced to 
RAS 

tRELAX 

l AR 

50 

— 

60 

— 

ns 

Column Address to RAS Lead Time 

tAVREH 

tRAL 

30 

— 

40 

— 

H' : 

Read Command Setup Time 

tWHCEL 



— 

0 

— 


Read Command Hold Time 

tCEHWX 

tRCH 

0 

— 

0 

— 

ns 

Read Command Hold Time Referenced to 
RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

ns 

Write Command Hold Time Referenced to 
CAS 

tCELWH 


10 

— 

15 

— 

ns 


Write Command Hold Time Referenced to 
RAS 


Write Command Pulse Width 

tWLWH 

Write Command to RAS Lead Time 

tWLREH 

Write Command to CAS Lead Time 

tWLCEH 

Data in Setup Time 

tDVCEL 

Data in Hold Time 

tCELDX 

Data in Hold Time Referenced to RAS 

tRELDX 

Refresh Period MCM514256B 

MCM51 L4256B 

tRVRV 

Write Command Setup Time 

tWLCEL 

CAS to Write Delay 

tCELWL 

RAS to Write Delay 

tRELWL 

Column Address to Write Delay Time 

tAVWL 

CAS Precharge to Write Delay 

tCEHWL 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

CAS Hold Time for CAS Before RAS 

Refresh 

tRELCEH 



RAS Precharge to CAS Active Time 


CAS Precharge Time for CAS Before RAS 

tCEHCEL 

tCPT 

30 

Counter Test 





RAS Hold Time Referenced to G 

tGLREH 

tROH 

G Access Time 

tGLQV 

tGA 

G to Data Delay 

tGLHDX 

tGD 

Output Buffer Turn-Off Delay Time from G 

tGHQZ 

*GZ 

G Command Hold Time 

tWLGL 

tGH 

Output Disable Setup Time 

tGHCEL 

tGS 







NOTES: 

13. Either tRRH or tpcH must be satisfi ed for a read cycle. __ 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in delayed write or read-write cycles. 

1 5. tyvcS. tRWD. tCWD> tCPWD- and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical character- 
istics only; if twCS ^ tyycs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout 

the entire cycle; if tQWD - *CWD (min), tRWD - fRWD ( min ). tQPWD - tQPWD (min), and *AWD - *AWD ( min ). the cycle ' s a read-write 
cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 
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READ-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 


2 
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FAST PAGE MODE READ-WRITE CYCLE 
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HIDDEN REFRESH CYCLE (EARLY WRITE) 
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CSS BEFORE HS3 REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wakeup sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 9-bit address fields. Atotalof eighteen address bits, nine 
rows and nine colu mns, w ill decode one of the 262, 1 44 bit loca- 
tions in the device. RAS active transition is followed by CAS 
active transition (active = V||_, tR CD m ini mum) for all read or 
write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. ' __ 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s gate feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRCD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress b us from row to column addresses and 
in generating the CAS clock. 

Th ere ar e two other variations i n add ressin g the 256Kx4 
RAM: RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: normal 
random read cycle, page mode read cycle, read-write cycle, 
and page mode read-write cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|H), tRCS (minimum) before the CAS active transition, to en- 
able read mode. ^ ^ 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read 
access time of the device is independent of theaddress multi- 
plex window . Both CAS and output enable (G) control read 
access time: CAS must be active before or at tRCD maxi mum 
and G must be active tRAC -t GA (both minimum) after RAS 
active transition t o gua rantee valid data out (Q) at tRAC 
(access time from RAS active transition). If the tRCD maxi- 
mum is exceeded and/or G active transition does n ot occ ur in 
time, read access time is determined by either the CAS or G 
clock active tra nsition (tcAC or *GA)- 

The RAS and CAS clocks must remain active for a minimum 
time ofjRAS and *CAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRH ° r tRCH after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for the next active 


cycle. Q is valid, but not latched, as lo ng as the CAS and G 
clocks are active. When eithertheCASorGclocktransitionsto 
inactive, the output will switch to High Z, toFF ° r fGZ after the 
inactive transition. 

WRITE CYCLE 

The DRAM may be written with any of four cycles: early 
write, late write, page mode early write, and page mode read- 
write. Early and late write modes are discussed here, while 
page mode write operations are covered in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|j_). Early and late_ write modes ar e dist inguished by the 
active transition of W, with respect to CAS. Minimum active 
time tRAS and tcAS. and precharge time tRp apply to write 
mode, as in the read mode. __ 

An early write cycle is cha racter ized by W active transition at 
minimum time ty ycs b efore CAS active transit ion. D ata I n (D) 
is referenced to CAS in an early write cycle. RAS and CAS 
clocks must stay active for tRW|_ and tcvVL. respectively, after 
the start of the early write operation to complete the cycle. 

Q remains High Z throughout an early writ e cyc le because W 
active transition precedes or coincides with CAS active transi- 
tion, keeping data out buffers disabled, effectively disabling G. 

A late write cycle (referred to as G controlled write) occurs 
when W active transition is made after CAS active transition. W 
activ e tran sition could be delayed for almost 1 0 microseconds 
after CAS active transition, (tRCD + *CWD + tRWL + tT) 
< tRAS» if timing minimums (tRCD. tRWL. and ty) are main- 
tained. D is referenced to W active trans ition in a late write 
cycle. Output buffers are enabled by CAS active transition but 
Q may be indeterminate — see note 1 5 of AC operating condi- 
tions table. Parameters tRWL and fCWL also apply to late write 
cycles. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically a 
late write cycle, as discussed in the WRITE CYCLE se ction, 
except W must remain high for tQWD minimum after the CAS 
active transition, to guarantee valid Q before writing the bit. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 51 2 
column locations on a selected row of the 256Kx4 dynamic 
RAM. Rea d acce ss time in page mode (tcAC) I s typically half 
the regular RAS clock ac cess time, tRAC- Page mo de op era- 
tion consists of keeping RAS active while togg ling CAS be- 
tween V|r and Vn_. The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of anew 
column location on the row. 

A page mode cycle is initiated by a normal read, write, or 
read-write cycle, as described in prior sect ions. Once the 
timing requirements for the first cy cle ar e met, CAS transitions 
to inacti ve for minimum tcp, while RAS r emains low (V|i_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpc or tpRWC)- Either a read, write, or 
read-write operation can be performed in a page mode cycle, 
subject to the same conditions as in normal operation 
(previously described). These operations can be intermixed in 
consecutive page mode cycles and performed in any order. 
The maximum number of consecutive page mode cycles is 
limited by tRASP- Page mode operation is ended when RAS 
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transitions to inactive, coincident with or following CAS 
inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge stor- 
age for each bit in the array. This charge degrades with time 
and temperature, thus each bit must be periodically refreshed 
(recharged) to maintain the correct bit state. Bits in the 
MCM514256B require refresh every 8 milliseconds while re- 
fresh time for the MCM51 L4256B is 64 milliseconds.. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 
1 5.6 microseconds forthe MCM51 4256B and 1 24.8 microsec- 
onds for the MCM51 L4256B. Burst refresh, a refresh of all 51 2 
rows consecutively, must be performed every 8 milliseconds 
on the MCM514256B and 64 milliseconds on the 
MCM51L4256B. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bits (2048) associated with t he pa rticular row de- 
coded. Thre e othe r methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and Hidden refresh are available 
on this device for greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External 
address lines are ignored during the automatic refresh cycle. 
The output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 


Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE EA5 REFRESH COUNTER TEST 

The i nternal r efresh counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is 
refreshed after 51 2 c ycles, as indi cated by the check data writ- 
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. 

Th e test can be performed after a minimum of eight CAS be- 
fore RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a column addre ss, re ad “0” o ut and write "1 ” into the 
cell by performing the CAS before RAS refresh counter 
test, read-write cycle. Repeat this operation 512 times. 

3. Read the “1”s which were written in step 2 in normal read 
mode. 

4. Using the same starting column address as in step 2, read 
“1” out and w rite “0” into the cell by performing the CAS 
before RAS refresh counter test, read-write cycle. 
Repeat this operation 512 times. 

5. Read "0”s which were written in step 4 in normal read mode. 

6. Repeat steps 1 to 5 using complement data. 



MEMORY CYCLE 
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REFRESH CYCLE 

CAS BEFORE RAS 
REFRESH CYCLE 
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Figure 1. Hidden Refresh Cycle 
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MCM514256B*MCM51L4256B 



ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (60 = 60 ns, 80 = 80 ns) 

Temperature (Blank ■ 0 to 70°C) 

Package (J = 300-mil SOJ, Z = Plastic ZIP) 


Commercial Temperature Range 0 to 70°C 

Full Part Numbers— MCM514256BJ60 MCM514256BJ60R2 MCM514256BZ60 

MCM514256BJ80 MCM514256BJ80R2 MCM514256BZ80 

MCM51 L4256BJ60 MCM51 L4256BJ60R2 MCM51 L4256BZ60 

MCM51 L4256BJ80 MCM51L4256BJ80R2 MCM51L4256BZ80 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


256Kx4 CMOS Dynamic RAM 

Static Column 

The MCM514258A is a 1.0ft CMOS high-speed, dynamic random access memory. It is 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process tech- 
nology. Advanced circuit design and fine line processing provide high performance, im- 
proved reliability, and low cost. 

The MCM514258A requires only nine address lines; row and column address inputs are 
multiplexed. The device is packaged in a standard 300-mil dual-in-line plastic package 
(DIP), a 300-mil SOJ plastic package, and a 100-mil zig-zag in-line plastic package (ZIP). 

• Three-State Data Output 

• Static Column Mode 

• TTL- Compatible Inputs and Output 

• RA S Only Refre sh 

• CS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle, 8 ms Refresh 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC^ : 

MCM514258A-70 = 70 ns (Max) 

MCM514258A-80 = 80 ns (Max) 

MCM514258A-10= 100 ns (Max) 

• Low Active Power Dissipation: 

MCM514258A-70 = 440 mW (Max) 

MCM514258A-80 = 385 mW (Max) 

MCM514258A-10 = 330 mW (Max) 

• Low Standby Power Dissipation: 

11 mW (Max), TTL Levels 
5.5 mW (Max), CMOS Levels 
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MCM514258A 


BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

vcc 

-1 to + 7 

V 

Voltage Relative to Vss for Any Pin Except Vcc 

V ln , V out 

-1 to +7 

V 

Data Out Current 

•out 

50 

mA 

Power Dissipation 

PD 

600 

mW 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

I§!fl 

-55 to +150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. 
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MCM514258A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

v C c 

4.5 

5.0 

5.5 


■ 

v S s 

0 


0 

Logic High Voltage, All Inputs 

V| H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V| L 

-1.0 

- 

o 

bo 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 


Wffff 1 

Vcc Power Supply Current 

»CC1 



mA 

2 

MCM514258A-70, t RC = 130 ns 


— 

80 



MCM514258A-80, t RC =150 ns 


_ 

70 



MCM514258A-10, t R c = 180 ns 


- 

60 



Vcc Power Supply Current (Standby) (RAS = CS=Vm) 

>CC2 

- 

2.0 



Vcc Power Supply Current During RAS only Refresh Cycles (CS=V|h) 


■ 


mA 

2 

MCM514258A-70, t RC = 130 ns 



80 



MCM514258A-80, t RC = 150 ns 



70 



MCM514258A-1 0, t RC = 180 ns 



60 



Vcc Power Supply Current During Static Column Mode Cycle (RAS = CS = V|[_) 

'CC4 




Kxg 

MCM514258A-70, t S C = 40 ns 



60 



MCM514258A-80, t S C=45 ns 



50 



MCM514258A-10, t S C=50ns 



40 


■ 

Vcc Power Supply Current (Standby) (RAS = CS = Vcc ~ 0.2 V) 

'CC5 

- 

1.0 

IIESlSi 




■j ■ 






■ 

80 



MCM514258A-80, t RC = 150 ns 



70 



MCM514258A-10, t RC -1S0 ns 



60 



Input Leakage Current (0 V^V; n ^6.5 V) 

»lka(l) 

-10 


MA 


Output Leakage Current (£5=V|h, 0 V<V ou t<5.5 V) 

•ikfl(O) 

-10 

10 

mm 


Output High Voltage (Iqh = -5 mA) 

VOH 

2.4 

- 

V 


Output Low Voltage 0oL= 4 - 2 oiA) 

VOL 

- 

0.4 

V 



CAPACITANCE (f=1.0 MHz, T A =25°C, V C C = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 



Unit 

Notes 

Input Capacitance A0-A8 

G, RAS, CS, W 


5 

PF 

3 

7 

pF 

3 

Output Capacitance (CS=V|h to Disable Output) DQ0-DQ3 

C 0 ut 

7 

PF 

3 


1. All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = IAt/AV. 

4. Measured with one address transition per static column mode cycle. 
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MCM514258A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 


READ, WRITE, AND READ-WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCM514258A-70 

MCM514258A-80 

MCM514258A-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

- 

150 

- 

180 

- 

13 

5 

Read-Write Cycle Time 

tRELREL 

tRMW 

185 

- 

3331 

- 


- 

131 

5 

Static Column Mode Cycle Time 

tAVAV 

tsc 

40 

- 

KB 

- 

55 

- 

ion 


Static Column Mode Read-Write Cycle Time 

tAVAV 

tSRMW 


- 

339 

- 

mm 

- 

uu 


Access Time from RAS 

tRELQV 

tRAC 

- 

70 

- 


- 

mm 


eh 

Access Time from CS 

tCELQV 

tCAC 

- 


- 


- 

mM 

13 

03 

Access Time from Column Address 

tAVQV 

tAA 

- 


- 

40 

- 

50 

U3I 

EH 

Access Time from Last Write 

tWLQV 

tALW 

- 

65 

- 


_ 


H3I 

003 

CS to Output in Low-Z 

tCELQX 

tCLZ 

0 

- 

0 

- 

0 

- 



Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

Mm 

£3 

MM 

Output Data Hold Time from Column Address 

tAXQX 

tAOH 

5 

- 

5 

- 

5 

- 

131 


Output Data Enable Time from Write 

tWHQV 

tow 

- 

20 

- 

20 

- 

30 

131 


Transition Time (Rise and Fall) 

*T 

tT 

3 

50 

3 

50 

3 


33 


RAS Precharge Time 

tREHREL 

tRP 

50 

- 

60 

- 

70 

- 

33! 


RAS Pulse Width 

tRELREH 

tRAS 

3^31 

mss 

80 

10,000 

100 


313 


RAS Pulse Width (Static Column Mode) 

tRELREH 

tRASC 

70 

100,000 

80 


100 

irar.Mii 

ns 


CS to RAS Hold Time 

tCELREH 

tRSH 

25 

- 

25 

- 

30 

- 

33 


RAS to CS Hold Time 

tRELCEH 

tCSH 

70 

- 

80 

- 

100 

- 

33 


CS Pulse Width 

tCELCEH 

tcs 

25 

EE3I 

25 

10,000 

30 

m 

33 


CS Pulse Width (Static Column Mode) 

tCELCEH 

tcsc 

25 

100,000 

25 

100,000 

30 

n 

331 


RAS to CS Delay Time 

tRELCEL 

tRCD 

20 

45 

20 

55 


70 

313 

mm 




15 

3E3B 

15 

40 

20 

50 

33 

mm 

CS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

- 

5 

- 

5 

- 

33 


CS Precharge Time 

tCEHCEL 

tCPN 

10 

- 

10 

- 


- 

131 


CS Precharge Time (Static Column Mode) 

tCEHCEL 

tCP 

10 


10 

- 


- 

33 


Row Address Setup Time 

tAVREL 


0 


0 


0 

- 

33 


Row Address Hold Time 

tRELAX 

tRAH 

10 


10 


15 

- 

323 


Column Address Setup Time 

tAVCEL 


0 

- 

0 


0 

- 

33 


Column Address Hold Time 



15 

- 

15 

' - 

20 

- 

33 


Write Address Hold Time Referenced to RAS 

t RELAX 

tAWR 

55 

- 

60 

- 

75 

- 

ns 


Column Address Hold Time Referenced to 

RAS 

tRELAX 

tAR 

85 

- 

95 

- 

115 

- 

ns 


Column Address to RAS Lead Time 

*AVREH 

tRAL 

35 

- 

40 

- 

50 

- 




NOTES- (continued) 

1. V|H min and V|i_ max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V|i_. 

2. An initial pause of 200 /*s is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|h and V||_ (or between V||_ and Vm) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tRC (min) and tR^w (min) are used only to indicate cycle time at which proper operation over the full temperature 
range (0 °C<Ta< 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 nA, +4 mA) loads and 100 pF with the data output trip points set at 
Voh = 2.0 V and Vql = 0.8 V. 

7. Assumes that tRCD^fRCD (max). 

8. Assumes that tpcD-tRCD (max). 

9. Assumes that tRAD-tRAD (max). 

10. Assumes that t|_v\/AD— ^LWAD (max). 

11. tQFF (max) and/or tQ£ define the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

12. Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD is 

greater than the specified tRCD (max) limit, then access time is controlled exclusively by tcAC- 

13. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD ,s 

greater than the specified tRAD (max), then access time is controlled exclusively by tAA- 
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READ, WRITE, AND READ-WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM514258A-70 

MCM514258A-80 

MCM514258A-10 



Standard 



Max 

Min 



Max 

Column Address Hold Time Referenced to 

RAS 

tREHAX 

tAH 

10 

— 

10 

— 

10 

— 

H 

14 

Last Write to Column Address Delay Time 

tWLAV 

tLWAD 

20 

30 

20 

35 

25 

45 


mm 




65 

- 

75 

- 

95 

- 

us 


Read Command Setup Time Referenced to 

U5 



0 

- 

0 

- 

0 

■ 

H 


Read Command Hold Time Referenced to £5 

tCEHWX 

tRCH 

0 

- 

0 

- 

0 

- 


mm 

Read Command Hold Time Referenced to 

RA§ 

tREHWX 

tRRH 


- 


- 

■a 

- 

Q 

16 

Write Command Hold Time (Output Data 
Disable) 

tCEHWH 


15 

- 

15 

- 


- 



Write Command Hold Time Referenced to 

RA5 

tRELWH 

n 

55 

- 

60 

- 

75 

- 

Q 


Write Command Pulse Width 

*WLWH 

HI 

15 

- 

15 

- 

20 

- 



Write Inactive Time 

tWHWL 

wsm 

10 

- 

10 

- 

10 

- 



Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

- 

20 

- 

25 

- 

n 


Write Command to U5 Lead Time 

tWLCEH 

tCWL 

20 

- 

^2^*1 

- 

25 

- 

uu 


Data In Setup Time 

tDVCEL 

tDS 


- 


- 

0 

- 

o 

mm 

Data In Hold Time 

tCELDX 

tDH 

15 

- 

15 

- 

20 

- 

ion 

mm 

Data In Hold Time Referenced to RAS 

tRELDX 

tDHR 

55 

- 

60 

- 

75 

- 



Refresh Period 

tRVRV 

tRFSH 

- 

8 

- 

8 

- 

8 



Write Command Setup Time (Output Data 
Disable) 

tWLCEL 

twcs 

0 

- 

0 

- 


H 

Q 

17 

US to Write Delay (RW Cycle) 

tCELWL 

tCWD 

55 

- 

55 

- 

65 

- 


mm 

RAS to Write Delay (RW Cycle) 

tRELWL 


mm 

- 

men 

- 


- 

a 

mm 

Column Address to Write Delay Time 

tAVWL 

tAWD 

mm 

- 

70 

- 

85 

- 


mm 

US Setup Time for US Before RAS Refresh 

tCELREL 

tCSR 


- 

10 

- 


- 



US Hold Time for US Before RAS Refresh 

tRELCEH 

tCHR 

30 

- 

30 

- 

30 

- 



RA& Precharge to U5 Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

0 

- 



US Precharge Time for US Before RAS 

Counter Test 

tCEHCEL 

tCPT 


- 

H 

- 



Q 


RAS Hold Time Referenced to U 




- 

— 

- 

20 

- 

nu 


(•> Access Time 




25 

- 

25 

- 

O 

a 


G to Data Delay 

tGHDX 

tGD 


- 

20 

- 

25 

- 

HU 


Output Buffer Turn-off Delay Time from U 

*GHQZ 

tGZ 

0 

20 

0 

20 

0 

25 

HU 

m 

U Command Hold Time 

*WLGL 

tGH 

20 

- 

20 

- 

25 

- 

n 



NOTES: 

14. tAH must be met for a read cycle. 

15. Operation within the ti_WAD (max) limit ensures that t^LW (max) can be met. ti_yvAD (max) is specified as a reference point only; if tLWAD 
is greater than the specified t|_wAD (max) limit, then access time is controlled exclusively by tAA- 

16. Either tRpn or fRCH must be satisfied for a read cycle. 

17. tyvcH' fWCS» t RWD* l CWD' and tAWD are n °t restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if tyycS^tWCS (min) and tyvCH^twCH (min), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; if tcWD^CWD (min), tpwo^tRWD (min), and tAWD^AWD (min), the 
cycle is a read-write cycle and the data out will contain data read from the selected cell. If neither of these sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

18. These parameters are referenced to CS leading edge in random write cycles and to W leading edge in late write or read-write cycles. 
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M CM 51 4258 A 


RAS 



CS 


ADDRESSES 


W 


6 


DQ0-DQ3 


READ-WRITE CYCLE 
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MCM514258A 


2 


RAS 

ADDRESSES 

CS 

W 

6 

DQ0-DQ3 

RAS 

ADDRESSES 

CS 

W 

DQ0-DQ3 


STATIC COLUMN MODE READ CYCLE 



STATIC COLUMN MODE EARLY WRITE CYCLE (A) 
(G is Don't Care) 
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MCM514258A 
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MCM514258A 


HIDDEN REFRESH CYCLE (READ) 


2 


HIDDEN REFRESH CYCLE (EARLY WRITE) 
(G is Don't Care) 


RAS 


CS 


ADDRESSES 


W 


DQ0-DQ3 
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MCM514258A 


. Vih- • 
1 VlL- 


Fc V|H -' 

CS v 
V, L - 




tCSR- 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

l tR AS 




h*— tcPT — H 

-*CHR H Je a. + 

—Jf \ 


READ CYCLE 

V|H- 


ADDRESSES 


VlL- 


. V| H - 
' V| L - 


r V| H - 
1 Vil- 




_t RSH“ 


- tcs - 


If 


- tRAL- 


*CRP- 


-H*ah 


COLUMN 

ADDRESS 


tRCSH 



-tROH- 


-t CAC - 


tAA- 




DQ0-DQ3 , 


VOH- 


VOL- 

EARLY WRITE CYCLE 


*ASC- 


ADDRESSES t <XXX>XKXXXXXX) ^ g 


-tCLZ- 


u 


■tGA 




tRCH- 


tRRH 


im 




U— [-tOFF “ 
tGZ 


VALID DATA OUT 


- tCAH- 


COLUMN 

ADDRESS 


twcs 




DQ0-DQ3 


V|H- 


V|L- 

READ WRITE CYCLE 

V|H 


-HIGH Z- 


C 


> 




-tWCH- 


- twp- 


— tDH — 


VALID DATA IN 


ADDRESSES 


V|L- 




> 


tCAH-^l 


COLUMN 

ADDRESS 


- V IH “ 
W 

V|L~ 



-ta 


,V| H - 
1 V| L - 


t W p- 


- tCWD- 


\ . fxxxxxxxx 



! aa- 

tCAC- 


DQ0-DQ3 


Vih/Voh - 
Vil/Vql-* 


l CLZ- 


-tAWD — 
^GA 


A 


1 


— ► -Hk-'gz p*-H-t DH 


: kxxxxxxxx)o 


HH-tcWL 
-tRWL — ► 


VALID 
DATA OUT 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is required 
for the internal substrate generator to establish the correct 
bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed at 
t he be ginning of a memory cycle by the row address strobe 
(RAS) clock, into two separate 9-bit address fields. A total of 
eighteen address bits, nine rows and nine columns, will d ecode 
one of the 262,144 bit locations in the device. RAS active 
transition latches the row address field. Column addresses are 
not latched, hence the "static column" designation of this 
device. Chip selec t (CS ) active transition (active = V||_, tRCD 
minimum) follows RAS on all read, write, or read-write cycles, 
and is independent of column address. The static column 
feature allows greater flexibility in setting up the external ex- 
ternal column addresses into the RAM. 

The re are two other variations in addressing the 2 56K x 4 
RAM: RAS only refresh cycle and CS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with four different cycles: random 
read cycle, read-write cycle, and "static column mode" read, 
and read-write. The random read cycle is outlined here, while 
the other cycles are discussed in separate sections. 

The random read cy cle be gins as described in ADDRESS- 
ING THE RAM, with_RAS active transition latching the de- 
sired row. The write (W) input level must be high (V||-|), Irqs 
( minimum) before the CS active transition, to enable read 
mode. A valid column address can be provided at any time 
(tRAD mini mum ), independent of the CS active transition. 

Both the RAS and CS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read access 
time of the device is independent of the address multiplex 
window. Both_CS and output enable (G) control read access 
time: CS and G must be active (and column address must be 
valid) by tRCD maximum, and tRAC _t GA minimum, respec- 
tively ,_to_guarantee valid data out (Q) at tRAC (access time 
from RAS active transition). If either tRCD maximum is ex- 
ceeded or G active transition does not occurjn time, read 
access time is determined by the CS and/or G clock active 
transiti on (t CAC> *GA) ■ 

The RAS and CS clocks must remain active for a minimum 
time of tRAS and *CS' respectively, to complete the read c ycle. 
The column address must remain valid for tAhl after RAS 
inactive transition to complete the read cycle. W must remain 
high throughout the cycle, and for time Irrh or tRCH after 
RAS or CS inactive transition, resp ectively, to maintain the 
data at that bit location. Once RAS transitions to inactive, it 
must remain inactive for a minimum time of tRp to precharge 
the internal device circuitry for the next active cycle. Q is valid, 
but not latched, as long as the CS and G clocks are active. 


When either the CS or G clock transitions to inactive, the 
output will switch to High Z, toFF or *GZ after inactive 
transition. 

WRITE CYCLE 

The DRAM may be written with any of four cycles: early 
write, late write and "static column mode" early write, and 
read-write. Early and late write modes are discussed here, while 
static column mode write operations are covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V||_ level). Early andjate write modes are distinguished by the 
active transition of W with respect to CS leading edge. Min- 
imum active time tRAS and X CS > and precharge time tRp apply 
to write mode, as in the read mode. 

An early write cycle is characterized by W active transition 
at minimum time twcs before CS active transition. Column 
address set up and hold times (tASO tCAHL and data in (D) 
set up and hold ti mes ( tp$, tpn ) are referenced to CS in an 
early write cycle. RAS and CS clocks must stay active for 
tRWL and tCWL/ respectively, after the start of the early write 
operation to complete the cycle. 

Q remains High Z throughout an early write cycle because 
W active transition precedes or coincides with CS active tran- 
sition, keeping data-out buffers disabled effectively disabling 
G. 

A late write cycle (referred to as G controlled write) occurs 
when W active transition is made after CS active transition. 
W active transition could be delayed for almost 10 microse- 
conds after CS active transition, (tRAD + tASC +t RWL + 
2tj<tRAS» 'f other timing minimums (tASC* tRWL' and *T) 
are maintained^Column address and D timing parameters are 
referenced to W active transition in a late write cycle. Output 
buffers are enabled by CS active transition but Q may be 
indeterminate— see note 17 of AC operating conditions table. 
Parameters tRWL and tCWL also apply to late write cycles. 

READ-WRITE CYCLE 

A read-write cycle performs a read and then a write at the 
same address, during the same cycle. This cycle is basically 
a late write cycle, as discussed in the WRITE CYCLE section, 
except W must remain high for tcwD and/or tAWD minimum, 
to guarantee valid Q before writing the bit. 

STATIC COLUMN MODE CYCLES 

Static column mode refers to multiple successive data op- 
erations performed at any or all 512 column locations o n the 
selected row of the 256 x 4 dynamic RAM during one RAS 
cycle. Read access time of multiple o peratio ns (tAA or tCAC) 
is considerably faster than the regular RAS clock access time 
tRAC - Multiple operations can be performed simply by keeping 
RAS active. CS may be togg led b etween active and inactive 
states at any time within the RAS cycle. 

Once the timing requireme nts fo r the initial read, write, or 
read-write cycle are met and RAS remains low, the device is 
ready for the next operation. Operations can be intermixed in 
any order, at any column address, subject to normal operating 
conditions previously described. Every write operation must 
be clocked with either CS or W, as indicated in static column 
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mode early write cycle timing diagrams A and B. Column 
address and D timing parameters are referenced to the signal 
clocking the write operation. CS must be toggled inactive (tcp) 
to perform a read operation after an early write operation (to 
turn output on), as indicated in static column mode read/ 
write mixed cycle timing diagram. The maximum number of 
conse cutive operations is limited by tRASC- The cycle ends 
when RAS transitions to inactive. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in 
the MCM514258A require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row 
is addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM514258A. Burst refresh, a re- 
fresh of all 512 rows consecutively, must be performed every 
8 milliseconds on the MCM514258A. 

A normal read, write, or read-write operation to the RAM 
will refresh all the bits (2048) associated with th e part icular 
row decoded. Three othe r methods of refresh, RAS only 
refresh, CS before RAS refresh, and hidden refresh are 
available on this device for greater system flexibility. 

RAS-Oniy Refresh 

RAS-only refresh consists of RAS transition to active, latching 
the row address to be refreshed, while CS remains high (V|h) 
throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CS Before RAS Refresh 

CS b efore RAS refresh is enabled by bringing CS active before 
RAS. This clock order activates an internal refresh counter 


that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while maintaining 
valid data at the output pin. Hold ing CS active at the end of 
a read or write cycle, while RAS cycles inactive for tRp and 
back to active,^tarts the hidde n refresh. This is essentially the 
execution of a CS before RAS refresh from a cycle in progress 
(see Figure 1). 

CS BEFORE RAS REFRESH COUNTER TEST 

The internal refr esh co unter of this device can be tested 
with a CS before RAS refresh counter test. This test is 
performed with a read-write operation. During the test, the 
internal refresh counter generates the row address, while the 
external address supplies the column address. The entire array 
is refreshed after 512 test cycles, as indicated by th e check 
data written in each row. See CS before RAS refresh 
counter test cycle timing diagram. 

The test can be performed after a minimum of eight CS 
before RAS initialization cycles. Test procedure: 

1 . Write "0"s into all memory cells with normal write mode. 

2. Select a column address, read "0" out and write "1" into 
the cell by performing the CS before RAS refresh 
counter test, read-write cycle. Repeat this operation 
512 times. 

3. Read the "1 "s which were written in step 2 in normal read 
mode. 

4. Using the same column address as in step 2, read "1" 
out and writ e "0" into the cell by performing the CS 
before RAS refresh counter test, read- write cycle. 
Repeat this operation 512 times. 

5. Read "0"s which were written at in step 4 in normal read 
mode. 

6. Repeat steps 1 to 5 using complement data. 


CS BEFORE RAS CS BEFORE RAS 
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ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 51 4258 A X XX XX 



with J leads, Z = Plastic ZIP) 



Full Part Numbers- MCM514258AP70 MCM514258AJ70 MCM514258AJ70R2 MCM514258AZ70 

MCM514257AP80 MCM514258AJ80 MCM514258AJ80R2 MCM514258AZ80 

MCM514258AP10 MCM514258AJ10 MCM514258AJ10R2 MCM514258AZ10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


1 M x 32 Bit Dynamic Random 
Access Memory Module 

The MCM32100S is a 32M, dynamic random access memory (DRAM) module 
organized as 1 ,048,576 x 32 bits. The module is a 72-lead single-in-line memory 
module (SIMM) consisting of eight MCM514400 DRAMs housed in standard 350-mil- 
wide SOJ packages mounted on a substrate along with a 0.22 pF (min) decoupling 
capacitor mounted under each DRAM. The MCM514400 is a CMOS high speed, dy- 
namic random access memory organized as 1 ,048,576 four-bit words and fabricated 
with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM32100S = 16 ms (Max) 

MCM32L100S = 128 ms (Max) 

• Consists of Eight 1 M x 4 DRAMs and Eight 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM32100S-80 = 80 ns (Max) 

MCM32100S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM32100S-80 = 4.62 W (Max) 

MCM32100S-10 = 3.96 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 88 mW (Max) 

CMOS Levels = 44 mW (Max, MCM32100S) 

CMOS Levels = 18 mW (Max, MCM32L100S) 
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MCM32L100 



PIN NAMES 

A0-A9 

Address Inputs 

DQ0-DQ31 . 

Data Input/Output 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . . 

Presence Detect 

RAS0, RAS2 

Row Address Strobe 

W 

Read/Write Input 

vcc 

Power (+ 5 V) 

vss 

Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
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ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to V$s 
(For Any Pin Except Vqq) 

v in> v out 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

PD 

4.8 

W 

Operating Temperature Range 

t a 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

- 25 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

■ 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqq Power Supply Current 

•cci 



mA 

2 

MCM32100-80,t R c = 150 ns 


— 

840 



MCM321 00-1 0, t R c = 1 80 ns 


— 

720 



Vqc Power Supply Current (Standby) (RAS = CAS = Vjr) 


— 

16 

mA 


Vqq Power Supply Current During RAS only Refresh Cycles 

•CC3 



mA 

| 

MCM321 00-80, tRQ = 150 ns 


— 

840 



MCM321 00-10, tRQ = 180 ns 


— 

720 


HI 

Vqq Power Supply Current During Fast Page Mode Cycle 

•CC4 



mA 


MCM321 00-80, tpQ = 50 ns 

— 



H | 

MCM321 00-10, tpQ = 60 ns 


— 

480 


a 

Vqq Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) MCM321 00 

*CC5 

— ■ 

8 

mA 


MCM32L100 


— 

3.2 



Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

•CC6 



mA 

2 

MCM321 00-80, t RC = 150 ns 

— 

840 



MCM321 00-10, t RC = 180 ns 


— 

720 



Vqq Power Supply Current Battery Backup Mode (tRQ 1 25F ls i tRAS = 

CAS - CAS before RAS Cycling or 0.2V; W, DQ, A0-A9 . VCC-0.2V or 0.2V) 

•CC7 


■1 

mA 

H 

MCM32L100 only 





l 

Input Leakage Current (V$s £ Vj n < Vqq) 

'lkg(l) 

-80 

+ 80 

pA 


Output Leakage Current (CAS at Logic 1 , V§s £ V out < Vqq) 

'lkg(O) 

-10 

10 

pA 


Output High Voltage (Iqh = ~ 5 mA ) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

— 

0.4 

V 



NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading ; max imum curr ent is measured at the fastest cycle rate with the output open. 

3. Column Address can be changed once or less while RAS = V|j_ and CAS = V|r. 

4. tpAs (MAX) = 1 jus is only applied to refresh of battery backup. tR/\S (MAX) = lOps is applied to functional operating. 
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CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 1 00% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A9) 

C|i 

- 

50 

PF 

1 

Input Capacitance (W) 

C|2 

- 

66 

PF 

1 

Input Capacitance (RAS0, RAS2) 

C I3 

— 

38 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

- 

24 

PF 

1 

I/O Capacitance (DQ0-DQ31 ) 

C DQ 

— 

17 

PF 

1 


NOTE: 

1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T a = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM321 00-80 

MCM321 00-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

150 

- 

180 

- 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

50 

- 

60 

- 

ns 


Access Time from RAS 

tRELQV 

*RAC 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

*CAC 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

45 

— 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

hr 

hr 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

60 

— 

70 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

25 

— 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

80 

— 

100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

40 

20 

50 

ns 

12 


1 . V||_) min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and V|j_ (or between V|[_ and Vjh) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation overthe full temperature range (0°C < T A < 70°C) is 

assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
Vql = 0.8 V. 

7. Assumes that tRCD - *RCD (max). 

8. Assumes that tRCD > tRQQ (max). 

9. Assumes that tR A p > tR A p (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQQ (max) limit ensures that tR A Q (max) can be met. tRQp (max) is specified as a reference point only; if tRpp is greater 
than the specified tRQp (max) limit, then access time is controlled exclusively to tQ A p. 

1 2. Operation within the tR A p (max) limit ensures that tR A p (max) can be met. tR A p (max) is specified as a reference point only; if tR A p is greater 
than the specified tR A p (max), then access time is controlled exclusively by t AA . 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM321 00-80 

MCM321 00-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

*CRP 

5 

- 

10 

- 

ns 


CAS Precharge Time (Page Mode Cyle Only) 

tCEHCEL 

*CP 

10 

- 

10 

- 

ns 


Row Address Setup Time 

*AVREL 

*ASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

• — 

15 

- 

ns 


Column Address Setup Time 

*AVCEL 

*ASC 

0 

— 

0 

- 

ns 


Column Address Hold Time 

tCELAX 

*CAH 

15 

— 

20 

- 

ns 


Column Address Hold Time Referenced 
to RAS 

l RELAX 

*AR 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

*AVREH 

*RAL 

40 

— 

50 

— 

ns 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

- 

0 

- 

ns 


Read Command Hold Time Referenced 
to CAS 

*CEHWX 

*RCH 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time Referenced 
to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time Referenced 
to CAS 

tCELWH 

*WCH 

15 

— 

20 


ns 


Write Command Hold Time Referenced 
to RAS 

tRELWH 

*WCR 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

*WLWH 

twp 

15 

- 

20 

- 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

- 

25 

- 

ns 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

- 

25 

- 

ns 


Data in Setup Time 

*DVCEL 

l DS 

0 

- 

0 

- 

ns 

14 

Data in Hold Time 

tCELDX 

l DH 

15 

- 

20 

- 

ns 

14 

Data in Hold Time Referenced to RAS 

tRELDX 

^DHR 

60 

- 

75 

- 

ns 


Refresh Period MCM32100 

MCM32L100 

tRVRV 

tRFSH 

— 

16 

128 

_ 

16 

128 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

ns 

15 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

tCSR 

10 

- 

10 

- 

ns 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

30 

- 

30 

- 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

ns 


CAS Precharge Time for CAS Before RAS 
Counter Test 

tCEHCEL 

tCPT 

40 


50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

— 

15 

- 

ns 



NOTES: 

13. Either tRRH or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. twQQ is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyycs - *WCS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not sati 
sited, the condition of the data out (at access time) is indeterminate. 
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RAS 

CAS 

ADDRESSES 

READ CYCLE 

DQ 

(DATA OUT) 

W 

WRITE CYCLE 

W 

DQ 

(DATA IN) 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the device (greater than 4 millisec- 
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address bus pins on the device are time multiplexed 
with two separate 1 0-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called t he row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one of 
the 1,048,576 word locations in the device. The column ad- 
dress strobe follows the row address strobe by a specified 
minimum and maxium time called tRQQ, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, two othe r variations in addressing 
the module, one is called the RAS only refresh cycle (de- 
scribed later) where a 9-bit row addre ss field is presented on 
the input pins and latched by the RAS clock. The most signifi- 
cant bit on Row Address A9 is not required for refresh. The oth- 
er variation, which is called page mode, allows the user to 
column access all words within a selected row. (See PAGE- 
MODE CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memo ry read cycle begins with the row addresses valid 
and t he RAS clock transitioning from V||_| to the V||_ level. The 
CAS clock must also make a transition f rom V | r to the V 1 1 _ level 
at the specified tRpp timin g li mits wh en the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent o f the a ddress multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tRp p ma ximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAc)- lf the tR pp m aximum condition is not met, the access 
(tcAC) from the CAS clock activ e transition will determine read 
acc ess ti me. The external CAS signal is ignored until an inter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tRpp minimum specification. The 
time difference between tRpp minimum and tRpp maximum 
can be used to absorb skew delays in switching the address 
bus f rom the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become acti ve, th ey must stay active 
for the minimum (tRAs) period for the RAS clock and the mini- 


mum (tpAs) period for the CAS clock. The RAS clock must 
stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next a ctive c ycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive ; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the Vjr level from the time the CAS 
clock makes its active transition (tRpg) to the time when it tran- 
sitions into the inactive (tRpn) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except th at the write 

(W) clock must go active (V||_ level) at or before the CAS clock 
goes active at a minimum tyyps time- It the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and th e data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tpwL) ar| d the row 
strobe to write lea d tim e (tRwiJ- These define the minimum 
time that RAS and CAS^Iocks need to be active after the write 
operation has started (W clock at V||_ level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera- 
tions at all 1 024 column locations on a sel ected row. Page ac- 
cess (tpAp) is typically half the regular RAS clock access 
(tRAc) o n the Motorola 1 M dyna mic RAM. Page mode opera- 
tion c onsists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is alway s initia ted with a row address being 
provided and latch ed by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cy cle, th at has been previ ously 
described, followed by the short er CA S cycles (tpQ). The CAS 
cycl e time (tpQ) consists of the CAS clock active time (tpAS)> 
and CAS clock precharge time (tpp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 1 6 milliseconds. This is accomplished by sequen- 
tially cycling through the 1 024 row address locations every 1 6 
milliseconds (i.e., at least one row every 15.6 microseconds). 
A normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 

RAS-only cycle on 1 024 row addresses ev ery 1 6 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V|r level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsR)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will s tay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
wil l be m aintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata a t the output pin. Hi dden 
refresh is performed by holding CAS at Vjj_ and taking RAS 
high and aft er a s pecified precharge period (tRp), executing a 
CAS before RAS refresh cycle. (See Figure 1 .) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1024 test cycles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write “0”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1 024 times. 

3. Select a c olumn addre ss, an d write “1" into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1 . Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 32100 or 32L100 x xx 


Motorola Memory Prefix- 


x. 


Speed (80 = 80 ns, 10 = 100 ns) 


Part Number 


Package (S = SIMM, SG = Gold Pad SIMM, 
SH = Low Height SIMM, 

SHG = Gold Pad Low Height SIMM) 


Full Part Numbers - MCM321 00S80 
MCM32100S10 


MCM32100SG80 

MCM32100SG10 


MCM32100SH80 MCM32100SHG80 

MCM32100SH10 MCM32100SHG10 


MCM32L100S80 

MCM32L100S10 


MCM32L1 00SG80 
MCM32L100SG10 


MCM32L100SH80 

MCM32L100SH10 


MCM32L1 00SHG80 
MCM32L1 00SHG1 0 


NOTE: Contact your Motorola representative for further information on the Gold Pad SIMM packages. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


1 M x 32 Bit Dynamic Random 
Access Memory Module 

The MCM32130S is a 32M, dynamic random access memory (DRAM) module 
organized as 1 ,048,576 x 32 bits. The module is a 72-lead single-in-line memory 
module (SIMM) consisting of eight MCM54400AN DRAMs housed in standard 
300-mil-wide SOJ packages mounted on a substrate along with a 0.22 jj.F (min) de- 
coupling capacitor mounted under each DRAM. The MCM54400AN is a CMOS high 
speed, dynamic random access memory organized as 1 ,048,576 four-bit words and 
fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1 024 Cycle Refresh: MCM321 30S = 1 6 ms (Max) 

MCM32L130S = 128 ms (Max) 

• Consists of Eight 1 M x 4 DRAMs and Eight 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : MCM32130S-70 = 70 ns (Max) 

MCM32130S-80 = 80 ns (Max) 

MCM32130S-10 = 100 ns (Max) 

• Low Active Power Dissipation: MCM321 30S-70 = 4.40 W (Max) 

MCM32130S-80 = 3.74 W (Max) 

MCM32130S-10 = 3.30 W (Max) 

• Low Standby Power Dissipation: TTL Levels = 88 mW (Max) 

CMOS Levels = 44 mW (Max, MCM321 30S) 
CMOS Levels = 8.8 mW (Max, MCM32L130S) 


PIN OUT 


Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

1 

V SS 

13 

A1 

25 

DQ22 

37 

NC 

49 

DQ8 

61 

DQ13 

2 

DQO 

14 

A2 

26 

DQ7 

38 

NC 

50 

DQ24 

62 

DQ30 

3 

DQ16 

15 

A3 

27 

DQ23 

39 

V SS 

51 

DQ9 

63 

DQ14 

4 

DQ1 

16 

A4 

28 

A7 

40 

CASO 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

NC 

41 

CAS2 

53 

DQ10 

65 

DQ15 

6 

DQ2 

18 

A6 

30 

V CC 

42 

CAS3 

54 

DQ26 

66 

NC 

7 

DQ18 

19 

NC 

31 

A8 

43 

CAS1 

55 

DQ11 

67 

PD1 

8 



ESI 

32 


44 


El 


O 


9 


21 

DQ20 

33 

NC 

45 

NC 

57 

DQ12 

69 

PD3 

10 

V CC 

22 

DQ5 

34 

RAS2 

46 

NC 

58 

DQ28 

El 

PD4 






NC 

m 

HIE 

EE 

PS1 

71 

IB, 

KB 

E 

MB 

E 

£9 

m 

48 

NC 

60 

DQ29 

72 

V SS 


MCM32130 

MCM32L130 



PIN NAMES { 

A0-A9 

Address Inputs 

DQ0-DQ31 

Data Input/Output 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . 

Presence Detect 

RAS0, RAS2 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+ 5 V) 

vss 

Ground 

NC 

No Connection 


All power supply and ground pins must be 

connected for proper operation of the device. 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to V$s 
(For Any Pin Except Vqq) 

v in> v out 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

PD 

6.0 

W 

Operating Temperature Range 

t a 

0 to + 70 

°c 

Storage Temperature Range 

T stg 

-25 to + 125 

°c 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V| L 

-1.0 

- 

0.8 

V 

1 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

MCM321 30-70, t RC = 130 ns 

•cci 

— 

800 

mA 

2,3 


MCM321 30-80, t RC = 150 ns 


— 

680 




MCM321 30-10, t R Q = 180 ns 


— 

600 



Vqq Power Supply Current (Standby) (RAS 

= cas = v !H ) 

*CC2 

- 

16 

mA 


Vqc Power Supply Current 

MCM321 30-70, t RC = 130 ns 

'CC3 

— 

800 

mA 

2,3 

During RAS only Refresh Cycles 

MCM321 30-80, t RC = 150 ns 


— 

680 




MCM321 30-10, t RC = 180 ns 


— 

600 



Vqc Power Supply Current 

MCM321 30-70, tp C = 45 ns 

>CC4 

— 

560 

mA 

2,3 

During Fast Page Mode Cycle 

MCM321 30-80, t PC = 50 ns 


— 

480 




MCM321 30-10, tpc = 60 ns 


— 

440 



Vqq Power Supply Current (Standby) (RAS 

= CAS = Vqq - 0.2 V) MCM32130 

'CC5 

— 

8 

mA 



MCM32L130 


— 

1.6 



Vqq Power Supply Current 

MCM321 30-70, t RC = 130 ns 

•CC6 

— 

800 

mA 

2 

During CAS Before RAS Refresh Cycle 

MCM321 30-80, t RC = 150 ns 

— 

680 




MCM321 30-10, t R Q = 180 ns 


— 

600 



Vqq Power Supply Current Battery Backup Mode (tRQ _ 125ns; tRAS - Ips; 

CAS = CAS before RAS Cycling or 0.2V; W, DQ, A0-A9 = VCC-0.2V or 0.2V) 

'CC7 



mA 

2,4 


MCM32L130 only 


— 

2.4 



Input Leakage Current (Vqs ^ Vj n ^ Vqq) 

'lkg(l) 

-80 

+ 80 

MA 


Output Leakage Current (CAS at Logic 1 , V$s £ V out < Vqq) 

'lkg(O) 

--I0 

10 

pA 


Output High Voltage (Iqh = - 5 mA) 

v OH 

2.4 

- 

V 


Output Low Voltage (Iql = 4.2 mA) 

VQL 

- 

0.4 

V 



NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading ; max imum curr ent is measured at the fastest cycle rate with the output open. 

3. Column Address can be changed once or less while RAS = V|[_ and CAS = V|r. 

4. tRAs (MAX) = Ips is only applied to refresh of battery backup. tR/\S (MAX) = lOps is applied to functional operating. 
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CAPACITANCE (f = 1 .0 MHz, = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A9) 

C I1 

- 

50 

pF 

1 

Input Capacitance (W) 

C I2 

- 

66 

PF 

1 

Input Capacitance (RAS0, RAS2) 

C|3 

— 

38 

pF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

— 

24 

PF 

1 

I/O Capacitance (DQ0-DQ31) 

C DQ 

— 

17 

PF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, T^ = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1,2,3, and 4) 


Parameter 

Symbol 

32130-70 

32L1 30-70 

32130-80 

32L1 30-80 

32130-10 

32L1 30-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

— 

150 

— 

180 

— 

ns 

5 

Fast Page Mode Cycle Time 

mmm 

tpc 

45 

— 

50 

— 

60 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

70 

— 

80 

— 


IB 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 


— 

20 

— 

25 

HBSB 

6,8 

Access Time from Column Address 

lAVQV 

tAA 

— 


— 

40 

— 



6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

40 

— 

45 

— 


HI 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 



6 

Output Buffer and Turn-Off Delay 

tCEHQZ 


0 


0 

■ 

0 

20 


10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

mm 

3 


USB 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 


- 

70 

— 



RAS Pulse Width 

tRELREH 

tRAS 

Hi 

2H 

80 






RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

H 


80 






RAS Hold Time 

tCELREH 

tRSH 

20 

— 


— 


— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 


— 



CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 


— 





CAS Pulse Width 

tCELCEH 

tCAS 

20 

10k 

20 





■H 

RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 


75 

w 

ii 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 



40 

20 



12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

10 

— 

ns 


CAS Precharge Time 

’CEHCEL 

*CP 

10 

— 

10 

_ 

. J° j 

— 

—Hi 



(continued) 


NOTES: 

1 . V|(-| min and Vjj_ max are reference levels for measuring timing of input signals. Transition times are measured between V||_j and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vm and V|j_ (or between Vj|_ and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range(0°C < T^ < 70°C) is 
assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 v and 
Vql = 0.8 V. 

7. Assumes that tRCD - tRCD (max). 

8. Assumes that tRCD ^ *RCD (max). 

9. Assumes that tR/\Q ^ tR^o (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQD (max) limit ensures that tRAC (max) can be met. tRQQ (max) is specified as a reference point only; if tRQp is greater 
than the specified tRQp (max) limit, then access time is controlled exclusively to tQAC- 

1 2. Operation within the tRAD (max) limit ensures that tR ac (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is greater 
than the specified tRAD (max), then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 





32130-70 

32130-80 

32130-10 




Symbol 

32L1 30-70 

32L1 30-80 

32L1 30-10 



Parameter 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Row Address Setup Time 

*AVREL 

*ASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

*RAH 

10 

__ 

10 

— 

15 

— 

ns 


Column Address Setup Time 

*AVCEL 

*ASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

*CAH 

15 

— 

15 

— 

20 

— 

ns 


Column Address to RAS Lead Time 


tRAL 

35 

— 

40 

— 

50 

— 

ns 


Read Command Setup Time 

tWHCEL 

*RCS 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 

Referenced to CAS 

*CEHWX 



— 


— 

■a 

— 

ns 

13 

Read Command Hold Time 

Referenced to RAS 



■a 

— 

■ 

■ 

■a 

— 

ns 

13 

Write Command Hold Time 

Referenced to CAS 



aa 

— 

| 

— 


— 

ns 


Write Command Pulse Width 



■ 

— 


— 


— 

ns 


Write Command to RAS Lead Time 




— 

20 

— 

25 

— 

BP 


Write Command to CAS Lead Time 



id 

— 


— 

25 

— 



Data in Setup Time 




— 

0 

— 

0 

— 


14 

Data in Hold Time 

tCELDX 

*DH 

15 

— 

15 

— 

20 

— 


14 

Refresh Period MCM32130 

tRVRV 

tRFSH 








■HH 

MCM32L130 






- | 


I 

m ■■ 

Write Command Setup Time 

tWLCEL 

l WCS 

0 

— 

0 

— 

0 

— 


15 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

tCSR 

5 

— 


— 


— 



CAS Hold Time for CAS Before RAS 

tRELCEH 

*CHR 

15 

■HH 


— 


■ 



Refresh 


1 1 




u 



RAS Precharge to CAS Active Time 

tREHCEL 

*RPC 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS Before 
RAS Counter Time 

tCEHCEL 

*CPT 

40 

— 

40 

— 

50 

— 

ns 


Write to RAS Precharge Time (CAS 
Before RAS Refresh) 

tWHREL 

*WRP 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Hold Time (CAS Before 

tRELWL 

*WRH 

10 

— 

10 

— 

10 

— 

ns 


RAS Refresh) 












NOTES: 

1 3. Either tppH or tRQH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. tyvcS is n °t a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyyQs ^ l\NCS ( m i n )> the c y cle 
is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not satisifed, 

the condition of the data out (at access time) is indeterminate. 
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RAS 


CAS 


ADDRESSES 


W 


DQ 


RAS 


CAS 


ADDRESSES 


W 


DQ 


READ CYCLE 



EARLY WRITE CYCLE 
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RAS 


CAS 


ADDRESSES 


W 


DQ 


RAS 


CAS 


ADDRESSES 


W 


DQ 


FAST PAGE MODE READ CYCLE 



FAST PAGE MODE EARLY WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (EARLY WRITE) 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inactive 
state (greater than 1 6 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will de code one of the 1 ,048,576 word 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = V|[_, tRpp mi nimum ) for all read 
or write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. _ _ w 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

There are three other va riatio ns in ad dress ing the module: 

RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 

READ CYCLE 

The DRAM may be read with either a “normal” random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(Vm), tRCS (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The in- 
ternal clocks are linked in such a manner that the read access 
time of the device is independent of th e add ress multiplex win- 
dow. CAS controls read access time: CAS must be active be- 
fore or at tRCD maximum to gu arantee valid data out (DQ) at 
tRAC (access time from RAS active transition). If the tRQp 
maxi mum is exceeded, read access time is determined by the 
CAS c lock a ctiv e tran sition (tcAC)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRH or tRQH after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid , but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 


will switch to High Z (three-state) tQFF after the inactive transi- 
tion. 

WRITE CYCLE 

The user can write to the DRAM with either an early write or a 
page mode early write cycle. Early write mode is discussed 
here, while page mode write operations are covered in a sepa- 
rate section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(VijJ. Early write mode is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tcAS> and precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyvcs before CAS active transition . Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRwi_ and tcWL- respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1 024 column locations on a selected row of the module. Read 
acce ss time in page mode (tpAC) ' s typically half the regular 
RAS clock acces s time, tRAC- Page mode operation consists 
of keeping RAS active whil e tog gling CAS between V|r and 
V|l_. The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column location 
on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior secti ons. Once the timing require- 
ments for the first cy cle ar e met, CAS transitions to inacti ve for 
minimum tQp, while R AS re mains low (V|[_). The second CAS 
active transition while RAS is low initiates the first page mode 
cycle (tpQ). Either a read or write operation can be performed 
in a page mode cycle, subject to the same conditions as in nor- 
mal operation (previously described). These operations can 
be intermixed in consecutive page mode cycles and performed 
in any order. The maximum number of consecutive page mode 
cycle s is li mited by tRASP- Pag® nriode operation is ended 
when RAS transitions to inactive, coincident with or following 
CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge stor- 
age for each bit in the array. This charge will tend to degrade 
with time and temperature. Each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in the 
MCM32130 require refresh every 16 milliseconds, while re- 
fresh time for the MCM32L130 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM321 30, and 1 24.8 microseconds for 
the MCM32L1 30. Burst refresh, a refresh of all 1 024 rows con- 
secutively, must be performed every 16 milliseconds on the 
MCM32130 and 128 milliseconds on the MCM32L130. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the p articular row d ecode d. Thre e oth- 
er methods of refresh, RAS-only refresh, CAS before RAS 
refresh, and hidden refresh are available on this device for 
greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(Vjh) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the pre- 
vious cycle (hidden refresh). Wmust be inactive for time tyypp 
before and time tyvRH after RAS active transition to prevent 
switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tpp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1). W is subject to the same conditions 
with respec t to R AS ac tive t ransition (to prevent test mode 
cycle) as in CAS before RAS refresh. 


CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 
test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1 024 test cy cles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test c an be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1 . Write “0”s into all memory cells (normal write mode). 

2. Select a c olumn addres s, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a c olumn addre ss, an d write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1 024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 32130 or 32L130 

Motorola Memory Prefix 

Part Number 


X XX 

Speed (70 = 70ns, 80 = 80ns, 10 = 100ns) 
Package (SH = SIMM, SHG = Gold Pad SIMM) 



Full Part Numbers - MCM321 00SH70 
MCM32100SH80 
MCM32100SH10 


MCM321 00SHG70 
MCM321 00SHG80 
MCM321 00SHG1 0 


MCM32L1 00SH70 
MCM32L100SH80 
MCM32L1 00SH1 0 


MCM32L1 00SHG70 
MCM32L1 00SHG80 
MCM32L1 00SHG1 0 


MOTOROLA MEMORY DATA 


3-26 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2M x 32 Bit Dynamic Random 
Access Memory Module 

The MCM32200S is a 64M, dynamic random access memory (DRAM) module 
organized as 2,097,152 x 32 bits. The module is a 72-lead double sided single-in-line 
memory module (SIMM) consisting of sixteen MCM514400 DRAMs housed in stan- 
dard 350-mil-wide SOJ packages mounted on a substrate along with a 0.22 pF (min) 
decoupling capacitor mounted under each DRAM. The MCM514400 is a CMOS high 
speed, dynamic random access memory organized as 1 ,048,576 four-bit words and 
fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM32200S = 16 ms (Max) 

MCM32L200S = 128 ms (Max) 

• Consists of Sixteen 1 M x 4 DRAMs and Sixteen 0.22 pF (Min) 

Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM32200S-80 = 80 ns (Max) 

MCM32200S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM32200S-80 = 4.71 W (Max) 

MCM32200S-10 = 4.05 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 1 76 mW (Max) 

CMOS Levels = 88 mW (Max, MCM32200S) 

CMOS Levels = 36 mW (Max, MCM32L200S) 


PIN OUT 

Pin Name Pin Name Pin Name Pin Name Pin Name 

1 V SS 13 A1 25 DQ22 37 NC 49 DQ8 

2 DQO 14 A2 26 DQ7 38 NC 50 DQ24 

3 DQ16 15 A3 27 DQ23 39 V SS 51 DQ9 

4 DQ1 16 A4 28 A7 40 CASO 52 DQ25 

5 DQ17 17 A5 29 NC 41 CAS2 53 DQ10 

6 DQ2 18 A6 30 V CC 42 CAS3 54 DQ26 

7 DQ18 19 NC 31 A8 43 CAST 55 DQ11 

8 DQ3 20 DQ4 32 A9 44 RAS0 56 DQ27 

9 DQ19 21 DQ20 33 RAS3 45 RAS? 57 DQ12 

10 V CC 22 DQ5 34 RAS2 46 NC 58 DQ28 

11 NC 23 DQ21 35 NC 47 W 59 V CC 

12 A0 24 DQ6 36 NC 48 NC 60 DQ29 


Pin 

Name 

61 

DQ13 

62 

DQ30 

63 

DQ14 

64 

DQ31 

65 

DQ15 

66 

NC 

67 

PD1 

68 

PD2 

69 

PD3 

70 

PD4 

71 

NC 

72 

V SS 


MCM32200 

MCM32L200 



PIN NAMES | 

A0-A9 .... 

Address Inputs 

DQ0-DQ31 

Data Input/Output 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . 

Presence Detect 

RAS0-RAS3 

Row Address Strobe 

W 

Read/Write Input 

v cc 

Power (+ 5 V) 

v ss 

Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
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BLOCK DIAGRAM 



PRESENCE DETECT PIN OUT 

Pin Name 

70 ns 

80 ns 

100 ns 

PD1 

NC 

NC 

NC 

PD2 

NC 

NC 

NC 

PD3 

V SS 

NC 

V SS 

PD4 

NC 

v S s 

V SS 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high-impedance circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 



Supply Voltage (Operating Voltage Range) 


B9 

5.0 

5.5 


■ 

■ 


0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to Vgs 
(For Any Pin Except Vqq) 

Vin.V 0U t 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

PD 

6.42 

W 

Operating Temperature Range 

Ta 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°C 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 


Vqq Power Supply Current 

•cci 



mA 

191 

MCM32200-80, t RC = 150 ns 


— 

856 



MCM32200-10, t RC = 180 ns 


— 

736 


■ ■ 

Vcc Power Supply Current (Standby) (RAS = CAS = Vjr) 

•CC2 

- 

32 

mA 


Vcc Power Supply Current During RAS only Refresh Cycles 

'CC3 


mm 



MCM32200-80, t RC = 150 ns 






MCM32200-10, t RC = 180 ns 



KB 



Vqq Power Supply Current During Fast Page Mode Cycle 

'CC4 



mA 

2,3 

MCM32200-80, t PC = 50 ns 


— 

576 



MCM32200-10, t PC = 60 ns 


— 

496 



Vcc Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V MCM321 00 

'CC5 

_ 

16 

mA 


MCM32L200 


— 

6.4 



Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

'CC6 



mA 

2 

MCM32200-80, t RC = 1 50 ns 


— 

856 



MCM32200-10, t RC = 180 ns 


— 

736 



Vqq Power Supply Current Battery Backup Mode (tRQ _ 125 ns; tRAS = l^s; 

CAS = CAS before RAS Cycling or 0.2V; W, DQ, A0-A9 = VCC-0.2V or 0.2V) 

•CC7 



mA 

2,4 

MCM32L200 only 


— 

8.0 



Input Leakage Current (Vqs ^ Vj n ^ Vqq) 

'ikg(i) 

-160 

160 



Output Leakage Current (CAS at Logic 1 , Vqs ^ V ou t < Vqq) 

'lkg(O) 

-20 

20 



Output High Voltage (Iqh = ~ 5 mA ) 

v OH 

2.4 

- 

mm 


Output Low Voltage (Iql = 4.2 mA) 

VOL 

— 

0.4 

V 



NOTES: 

1 . All voltages referenced to V§s- 

2. Current is a function of cycle rate and output loading ; max imum curr ent is measured at the fastest cycle rate with the output open. 

3. Column Address can be changed once or less while RAS = V|[_ and CAS = Vjr. 

4. tR/\s ( MAX ) = Ifis is only applied to refresh of battery backup. tRAS (MAX) = 10ps is applied to functional operating. 
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CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A9) 

0(1 

_ 

90 

pF 

1 

Input Capacitance (W) 

C|2 

— 

122 

PF 

1 

Input Capacitance (RAS0-RAS2) 

C|3 

- 

38 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

— 

38 

PF 

1 

I/O Capacitance (DQ0-DQ31) 

C DQ 

- 

24 

PF 

1 


NOTE: 

1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM32200-80 

MCM32200-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

150 


180 

- 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

50 

- 

60 

- 

ns 


Access Time from RAS 

tRELQV 

*RAC 

- 

80 


100 

ns 

6,7 

Access Time from CAS 

tCELQV 

*CAC 

- 

20 

- 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

*AA 

— 

40 

- 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

*CPA 

— 

45 

- 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

60 

- 

70 

- 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

25 

- 

25 

- 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

80 

- 

100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

40 

20 

50 

ns 

12 


(continued) 


NOTES: 

1 . V|h min and V|[_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vjh and V|j_ (or between V|[_ and Vm) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tpQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T A < 70°C) is 
assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
Vql = 0.8 V. 

7. Assumes that tRCD - tRCD (max). 

8. Assumes that tpQQ > tpQQ (max). 

9. Assumes that tR A D - *RAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQp (max) limit ensures that tR A Q (max) can be met. tRQD (max) is specified as a reference point only; if tRQD is greater 
than the specified tRQp (max) limit, then access time is controlled exclusively to tQ A Q. 

1 2. Operation within the tp A p (max) limit ensures that tR A Q (max) can be met. tR A p (max) is specified as a reference point only; if tR A p is greater 
than the specified tR A p (max), then access time is controlled exclusively by t AA . 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM32200-80 

MCM32200-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

- 

10 

- 

ns 


CAS Precharge Time (Page Mode Cyle Only) 

tCEHCEL 

tCP 

10 

- 

10 

- 

ns 


Row Address Setup Time 

*AVREL 

*ASR 

0 

— 

0 

- 

ns 


Row Address Hold Time 

tRELAX 

*RAH 

10 

— 

15 

— 

ns 


Column Address Setup Time 

tAVCEL 

*ASC 

0 

— 

0 

- 

ns 


Column Address Hold Time 



15 

- 

20 

- 

ns 


Column Address Hold Time Referenced 
to RAS 

tRELAX 

l AR 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

40 

- 

50 

- 

ns 


Read Command Setup Time 

tyVHCEL 

tRcs 

0 

- 

0 

- 

ns 


Read Command Hold Time Referenced 
to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time Referenced 
to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time Referenced 
to CAS 

tCELWH 

*WCH 

15 

— 

20 

— 

ns 


Write Command Hold Time Referenced 
to RAS 

tRELWH 

*WCR 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

*WLWH 

twp 

15 

— 

20 

- 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

25 

- 

ns 


Write Command to CAS Lead Time 

tWLCEH 

tCWL 

20 

— 

25 

— 

ns 


Data in Setup Time 

tDVCEL 

tos 

0 

- 

0 

- 

ns 

14 

Data in Hold Time 

tCELDX 

*DH 

15 

- 

20 

- 

ns 

14 

Data in Hold Time Referenced to RAS 

tRELDX 

*DHR 

60 

- 

75 

- 

ns 


Refresh Period MCM32200 

MCM32L200 

tRVRV 

tRFSH 

— 

16 

128 

— 

16 

128 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

ns 

15 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

*CSR 

10 

- 

10 

- 

ns 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

^CHR 

30 

- 

30 

- 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

l RPC 

0 

- 

0 

- 

ns 


CAS Precharge Time for CAS Before RAS 
Counter Test 

l CEHCEL 

tCPT 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

- 

15 

- 

ns 



NOTES: 

13. Either tRRH or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyyQs - twCS (min), the 

cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisifed, the condition of the data out (at access time) is inde termin ate. 

16. To avo id bus contention and potential damage to the module, RASO and RAS1 may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneously active low. 
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RAS 


3 


CAS 


ADDRESSES 


DQ 

(DATA OUT) 


RAS 


CAS 


DQ 

(DATA OUT) 


RA| ONLY REFRESH CYCLE 
(W and A9 are Don’t Care) 



** tRC 

rnssm 

** t RAS ► 

t ,< 


i|n 



tCRP ► 


e 

1 

v7 

*-t A SR 

P~ 'RAH 




v OH 

v OL 


HIGH-Z' 


CAS BEFORE RAS REFRESH CYCLE 
(AO to A9 are Don’t Care) 
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RAS 

CAS 

ADDRESSES 

READ CYCLE 

DQ 

(DATA OUT) 

W 

WRITE CYCLE 

W 

DQ 

(DATA IN) 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the device (greater than 4 millisec- 
onds with device powered up), the wakeup sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address bus pins on the device are time multiplexed 
with two separate 10-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called t he row address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one of 
the 2,097,152 word locations in the device. The column ad- 
dress strobe follows the row address strobe by a specified 
minimum and maxium time called tRQQ, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, two othe r variations in addressing 
the module, one is called the RAS only refresh cycle (de- 
scribed later) where a 9-bit row addre ss field is presented on 
the input pins and latched by the RAS clock. The most signifi- 
cant bit on Row Address A9 is not required for refresh. The oth- 
er variation, which is called page mode, allows the user to 
column access all words within a selected row. (See PAGE- 
MODE CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memo ry read cycle begins with the row addresses valid 
and t he RAS clock transitioning from Vjr to the V||_ level. The 
CAS clock must also make a transition from V| r to the Vj [_ level 
at the specified tRQp timin g li mits wh en the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent o f the a ddress multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tRc p ma ximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAc)- If the tR CD m aximum condition is not met, the access 
(tcAC) from the CAS clock activ e transition will determine read 
acc ess ti me. The external CAS signal is ignored until an inter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tRpp minimum specification. The 
time difference between tRpp minimum and tRpp maximum 
can be used to absorb skew delays in switching the address 
bus f rom the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become acti ve, th ey must stay active 
for the minimum (tRAs) period for the RAS clock and the mini- 


mum (tpAS) period for the CAS clock. The RAS clock must 
stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice i nternal circuitry to be precharged for the next a ctive c ycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive ; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V|r level from the time the CAS 
clock makes its active transition (tRps) to the time when it tran- 
sitions into the inactive (tRQH) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except th at the write 

(W) clock must go active (V|j_ level) at or before the CAS clock 
goes active at a minimum tyvcs time - the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and th e data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tQWL) and the row 
strobe to write lea d tim e (tRwi_). These define the minimum 
time that RAS and CAS_clocks need to be active after the write 
operation has started (W clock at V|j_ level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera- 
tions at all 1 024 column locations on a sel ected row. Page ac- 
cess (tpAc) is typically half the regular RAS clock access 
(Irac) ° n the Motorola 1 M dyna mic RAM. Page mode opera- 
tion c onsists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
1 0-bit column address field. 

The page cycle is alway s initia ted with a row address being 
provided and latch ed by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cy cle, th at has been previ ously 
described, followed by the short er CA S cycles (tpc). The CAS 
cycl e time (tpc) consists of the CAS clock active time (tcAS)> 
and CAS clock precharge time (top) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 1 6 milliseconds. This is accomplished by sequen- 
tially cycling through the 1024 row address locations every 16 
milliseconds (i.e., at least one row every 15.6 microseconds). 
A normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 

RAS-only cycle on 1 024 row addresses ev ery 1 6 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V||_j level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tQgR)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will s tay in the high-impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
will be m aintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata a t the output pin. Hi dden 
refresh is performed by holding CAS at V||_ and taking RAS 
high and aft er a s pecified precharge period (tRp), executing a 
CAS before RAS refresh cycle. (See Figure 1 .) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1 024 test cycles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1. Write “0”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read “1”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 


RAS 


CAS 


DQ — HIGH-Z- 


_ MEMORY ^ 

M REFRESH ^ 

M REFRESH 

CYCLE 

CYCLE 

v 

CYCLE 
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r 




f 

\ 

VALID DATA-OUT 

\ 

> 





Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 32200 or 32L200 


Motorola Memory Prefix- 


T 


Speed (80 = 80 ns, 10 = 100 ns) 


Part Number 


Package (S - SIMM, SG = Gold Pad SIMM, 
SH = Low Height SIMM, 

SHG = Gold Pad Low Height SIMM) 


Full Part Numbers - MCM32200S80 
MCM32200S10 


MCM32200SG80 

MCM32200SG10 


MCM32200SH80 MCM32200SHG80 

MCM32200SH10 MCM32200SHG10 


MCM32L200S80 

MCM32L200S10 


MCM32L200SG80 
MCM32L200SG1 0 


MCM32L200SH80 
MCM32L200SH1 0 


MCM32L200SHG80 
MCM32L200SHG1 0 


NOTE: Contact your Motorola representative for further information on the Gold Pad SIMM packages. 
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MOTOROLA 

■i SEMICONDUCTOR 

TECHNICAL DATA 


2M x 32 Bit Dynamic Random 
Access Memory Module 

The MCM32230S is a 64M, dynamic random access memory (DRAM) module 
organized as 2,097,152 x 32 bits. The module is a 72-lead double sided single-in-line 
memory module (SIMM) consisting of sixteen MCM54400AN DRAMs housed in stan- 
dard 300-mil-wide SOJ packages mounted on a substrate along with a 0.22 pF (min) 
decoupling capacitor mounted under each DRAM. The MCM54400AN is a CMOS 
high speed, dynamic random access memory organized as 1 ,048,576 four-bit words 
and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1 024 Cycle Refresh: MCM32230S = 1 6 ms (Max) 

MCM32L230S = 128 ms (Max) 

• Consists of Sixteen 1 M x 4 DRAMs and Sixteen 0.22 pF (Min) 

Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : MCM32230S-70 = 70 ns (Max) 

MCM32230S-80 = 80 ns (Max) 

MCM32230S-10 = 100 ns (Max) 

• Low Active Power Dissipation: MCM32230S-70 = 4.49 W (Max) 

MCM32230S-80 = 3.83 W (Max) 

MCM32230S-10 = 3.39 W (Max) 

• Low Standby Power Dissipation: TTL Levels = 1 76 mW (Max) 

CMOS Levels = 88 mW (Max, MCM32230S) 
CMOS Levels = 18 mW (Max, MCM32L230S) 


PIN OUT 


m 


Pin 


Pin 

is 

Pin 


Pin 

E 

Pin 


i 

Vss 

13 

A1 

25 

DQ22 

37 

NC 

49 

DQ8 

61 

wm 

2 


14 

A2 

26 

E 

O 

e_ 

mm 

Ess 

62 

EE 

3 

DQ16 

15 

A3 

27 

BE 



mm 

DQ9 

63 

DQ14 

4 

DQ1 

16 

A4 

28 

A7 



m 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

mm 

o 

mu 

Q 

DQ10 

65 

DQ15 

6 

DQ2 

18 

A6 

30 

a 

o 

m 

mm 

DQ26 

66 

NC 

7 

I2E 

19 

mi 

31 

o 

o 

i*mj 


DQ11 

67 

PD1 

8 

|Q| 


mm 

MEM 


44 


56 

DQ27 

68 

PD2 

9 


D 


mm 


o 

mu 

57 

DQ12 

69 

PD3 

10 


mi 




K 

E 

58 

DQ28 

70 

PD4 

MM 

mm 




NC 

1 

E 

mms 

V CC 

71 

NC 

mm 

mm 

El 

m^ 

E 

E 

■a 

E 

E 

DQ29 

72 

V SS 


MCM32230 

MCM32L230 



PIN NAMES | 

A0-A9 

Address Inputs 

DQ0-DQ31 

Data Input/Output 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . 

Presence Detect 

RAS0-RAS3 

Row Address Strobe 

W 

Read/Write Input 

v C c 

Power (+ 5 V) 

v S s 

Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
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BLOCK DIAGRAM 


CASO 

RASO 


CAS1 


CAS2 

RAS2 


CAS3 


W 

A0-A9 

V CC 

V SS 



RAS1 


RAS3 


X 

X 


0.22 nF (MIN) 


U0-U15 

U0-U15 


PRESENCE DETECT PIN OUT 

Pin Name 

70 ns 

80 ns 

100 ns 

PD1 

NC 

NC 

NC 

PD2 

NC 

NC 

NC 

PD3 

V SS 

NC 

V SS 

PD4 

NC 

V SS 

V SS 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5-0 V ± 10%, = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


ABSOLUTE MAXIMUM RATINGS (See Note) 


— 

Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to V$s 
(For Any Pin Except Vqq) 

Vin> Vout 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

PD 

6.12 

W 

Operating Temperature Range 

t a 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

- 25 to + 1 25 

°c 


RECOMMENDED OPERATING CONDITIONS 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

MCM32230-70, t RC = 130 ns 

•cci 

— 

816 

mA 

2,3 


MCM32230-80, t RC = 150 ns 


— 

696 




MCM32230-1 0, t RC = 1 80 ns 


— 

616 



Vcc Power Supply Current (Standby) (RAS = 

CAS = V,h) 

•CC2 

— 

32 

mA 


Vqc Power Supply Current 

MCM32230-70, t RC = 130 ns 

•CC3 



mA 

2,3 

During RAS only Refresh Cycles 

MCM32230-80, t RC = 150 ns 

— 

816 




MCM32230-10, t RC = 180 ns 


— 

696 





— 

616 



Vcc Power Supply Current 

MCM32230-80, t PC = 45 ns 

•CC4 

— 

576 

mA 

2,3 

During Fast Page Mode Cycle 

MCM32230-80, t PC = 50 ns 


— 

496 




MCM32230-10, t PC = 60 ns 


— 

456 



Vcc Power Supply Current (Standby) (RAS = 

CAS = V C C ~ 0.2 V) MCM32230 

•CC5 

— 

16 

mA 



MCM32L230 


— 

3.2 



Vcc Power Supply Current 

MCM32230-70, t RC = 130 ns 

•CC6 

— 

816 

mA 

2 

During CAS Before RAS Refresh Cycle 

MCM32230-80, t RC = 150 ns 


— 

696 




MCM32230-1 0, t RC = 1 80 ns 


— 

616 



VCC Power Supply Current Battery Backup Mode (tRc = - 125 ^’ tRAS = 1^ s ; 

CAS = CAS before RAS Cycling or 0.2V; W, DQ, A0-A9 = VCC-0.2V or 0.2V) 

•CC7 



mA 

2,4 


MCM32L230 only 


— 

2.4 



Input Leakage Current (V§s ^ Vj n < Vcc) 

'lkg(l) 

-160 

160 

pA 


Output Leakage Current (CAS at Logic 1 , V§s ^ V ou t < Vcc) 

'lkg(O) 

-20 

20 

pA 


Output High Voltage (Iqh = - 5 mA ) 

v OH 

2.4 

- 

V 


Output Low Voltage (Iql = 4 2 mA) 

VOL 

- 

0.4 

V 



NOTES: 

1 . All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading ; max imum curr ent is measured at the fastest cycle rate with the output open. 

3. Column Address can be changed once or less while RAS = V||_ and CAS = V|r. 

4. tR/\s (MAX) = Ips is only applied to refresh of battery backup. tRAS ( MAX ) = '■Ops is applied to functional operating. 
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CAPACITANCE (f = 1 .0 MHz, = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A9) 

On 

- 

90 

pF 

1 

Input Capacitance (W) 

C I2 

- 

122 

pF 

1 

Input Capacitance (RAS0-RAS2) 

C I3 

- 

38 

pF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

- 

38 

pF 

1 

I/O Capacitance (DQ0-DQ31 ) 

C DQ 

— 

24 

PF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

32230-70 

32L230-70 

32230-80 

32L230-80 

32230-10 

32L230-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

*RC 

130 

— 

150 

— 

180 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

50 

— 

60 ; 

— 

ns 


Access Time from RAS 

tRELQV 

*RAC 

— 

70 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

*AA 

— 

35 

— 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

*CPA 

— 

40 

— 

45 

— 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

— 

70 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10k 

80 

10 k 

100 

10k 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

200 k 

80 

200 k 

100 

200 k 

ns 


RAS Hold Time 

1CELREH 

tRSH 

20 

— 

20 

— 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 

100 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 

45 

— 

55 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10k 

20 

10k 

25 

10k 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 * 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

10 

— 

ns 


CAS Precharge Time 

'CEHCEL 

'CP 1 

10 

— 

10 

— 

10 

— 

ns 



(continued) 


NOTES: 

1 . V|f_j min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V||_. 

2. An initial pause of 200 \is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|h and V||_ (or between V||_ and Vm) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) are used only to indicate cycle time at which proper operation over the full temperature range (0°C < T^ < 70°C) 
is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 juA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
Vql = 0.8 V. 

7. Assumes that tpQQ < tpQD (max). 

8. Assumes that tpQD > tpQQ (max). 

9. Assumes that tRAQ > tRAp (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQD (max) limit ensures that tRAC (max) can be met. tRQp (max) is specified as a reference point only; if Irqd is greater 
than the specified tRCD (max) limit, then access time is controlled exclusively to tQAC- 

1 2. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; iftRAD is greater 
than the specified tRAD (max), then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

32230-70 

32L230-70 

32230-80 

32L230-80 

32230-10 

32L230-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Row Address Setup Time 

*AVREL 

*ASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

l RAH 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

*AVCEL 

X ASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

*CAH 

15 

— 

15 

— 

20 

— 

ns 


Column Address to RAS Lead Time 

*AVREH 

*RAL 

35 

— 

40 

— 

50 

— 

ns 


Read Command Setup Time 

tWHCEL 

tecs 

0 

— 

0 

— 

0 

_ 

ns 


Read Command Hold Time 

Referenced to CAS 

tCEHWX 

*RCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 

Referenced to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 

Referenced to CAS 

tCELWH 

*WCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Pulse Width 

tWLWH 

tWP 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

*WLREH 

*RWL 

20 

— 

20 

— 

25 

_ 

ns 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

- 

20 

— 

25 

— 

ns 


Data in Setup Time 

*DVCEL 

*DS 

0 

— 

0 

— 

0 

_ 

ns 

14 

Data in Hold Time 

tCELDX 

*DH 

15 

— 

15 

— 

20 

— 

ns 

14 

Refresh Period MCM32230 

MCM32L230 

tRVRV 

tRFSH 



16 

128 



16 

128 



16 

128 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

0 

— 

ns 

15 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

tCSR 

5 

— 

5 

— 

5 

— 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

20 

— 

ns 


RAS Precharge to CAS Active Time 

tREHCEL 

*RPC 

0 

— 

0 

— 

0 

__ 

ns 


CAS Precharge Time for CAS Before 
RAS Counter Time 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


Write to RAS Precharge Time (CAS 
Before RAS Refresh) 

tWHREL 

%RP 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Hold Time (CAS Before 
RAS Refresh) 

tRELWL 

tWRH 

10 

— 

10 

— 

10 

— 

ns 



NOTES: 

13. Either tRRH or tRQH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. twQs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyvcs - *WCS (min), the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not satisifed, 

the condition of the data out (at access time) is indeterminate. 
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RAS 


3 


CAS 


ADDRESSES 


W 


DQ 


RAS 


CAS 


ADDRESSES 


W 


DQ 


READ CYCLE 



EARLY WRITE CYCLE 



MOTOROLA MEMORY DATA 


3-44 





MCM32230*MCM32L230 


FAST PAGE MODE READ CYCLE 


RAS 


CAS 


DQ 



FAST PAGE MODE EARLY WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (EARLY WRITE) 



MOTOROLA MEMORY DATA 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inactive 
state (greater than 1 6 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will de code one of the 1 ,048,576 word 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = V|[_. tRCD mi nimum ) for all read 
or write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. _ 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

Th ere are three other va riatio ns in ad dress ing the module: 
RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 

READ CYCLE 

The DRAM may be read with either a “normal” random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|r), tRcs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The in- 
ternal clocks are linked in such a manner that the read access 
time of the device is independent of th e add ress multiplex win- 
dow. CAS controls read access time: CAS must be active be- 
fore or at tRQD maximum to gu arantee valid data out (DQ) at 
tRAC (access time from RAS active transition). If the Irqq 
maxi mum is exceeded, read access time is determined by the 
CAS c lock a ctiv e tran sition (tcAC)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, r espec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid , but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 


will switch to High Z (three-state) tQFF after the inactive transi- 
tion. 

WRITE CYCLE 

The user can write to the DRAM with either an early write or a 
page mode early write cycle. Early write mode is discussed 
here, while page mode write operations are covered in a sepa- 
rate section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|]J. Early write mode is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tcAS’ and precharge time tRp apply to write mode, as in the 
read mode. _ 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyyQs before CAS active transition . Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRwi_ and tc WL» respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1 024 column locations on a selected row of the module. Read 
acce ss time in page mode (tcAC) is typically half the regular 
RAS clock acces s time, tRAC- Page mode operation consists 
of keeping RAS active whil e tog gling CAS between Vm and 
V[l_. The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column location 
on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cy cle ar e met, CAS transitions to inacti ve for 
minimum tQp, while R AS re mains low (V|j_). The second CAS 
active transition while RAS is low initiates the first page mode 
cycle (tpo). Either a read or write operation can be performed 
in a page mode cycle, subject to the same conditions as in nor- 
mal operation (previously described). These operations can 
be intermixed in consecutive page mode cycles and performed 
in any order. The maximum number of consecutive page mode 
cycle s is li mited by tRASP- P a 9 e mode operation is ended 
when RAS transitions to inactive, coincident with or following 
CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge stor- 
age for each bit in the array. This charge will tend to degrade 
with time and temperature. Each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in the 
MCM32230 require refresh every 16 milliseconds, while re- 
fresh time for the MCM32L230 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM32230, and 1 24.8 microseconds for 
the MCM32L230. Burst refresh, a refresh of all 1 024 rows con- 
secutively, must be performed every 16 milliseconds on the 
MCM32230 and 128 milliseconds on the MCM32L230. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the p articular row d ecode s. Thre e oth- 
er methods of refresh, RAS-only refresh, CAS before RAS 
refresh, and hidden refresh are available on this device for 
greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V||-j) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed . External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the pre- 
vious cycle (hidden refresh). Wmu st be inactive for time tyvRP 
before and time tyvRH after RAS active transition to prevent 
switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1). W is subject to the same conditions 
with respec t to R AS ac tive t ransition (to prevent test mode 
cycle) as in CAS before RAS refresh. 


CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 
test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1024 test cy cles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test c an be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write “0”s into all memory cells (normal write mode). 

2. Select a c olumn addres s, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a c olumn addre ss, an d write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 32230 or 32L230 


Motorola Memory Prefix- 



Speed (70 = 70ns, 80 = 80ns, 10 = 100ns) 


Part Number' 


Package (SH = SIMM, SHG = Gold Pad SIMM) 


Full Part Numbers - 


MCM32230SH70 

MCM32230SH80 

MCM32230SH10 

MCM32L230SH70 

MCM32L230SH80 

MCM32L230SH10 


MCM32230SHG70 
MCM32230SHG80 
MCM32230SHG1 0 

MCM32L230SHG70 
MCM32L230SHG80 
MCM32L230SHG1 0 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


256K x 32 Bit Dynamic Random 
Access Memory Module 

The MCM32256S is a 8M, dynamic random access memory (DRAM) module or- 
ganized as 262,144 x 32 bits. The module is a 72-lead single-in-line memory module 
(SIMM) consisting of eight MCM514256A DRAMs housed in 20/26 J-lead small out- 
line packages (SOJ) mounted on a substrate along with a 0.22 pF (min) decoupling 
capacitor mounted under each DRAM. The MCM514256A is a 1 .0 p CMOS high 
speed, dynamic random access memory organized as 262,144 four-bit words and 
fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM32256 = 8 ms (Max) 

MCM32L256 = 64 ms (Max) 

• Consists of Eight 256K x 4 DRAMs and Eight 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM32256S-70 = 70 ns (Max) 

MCM32256S-80 = 80 ns (Max) 

MCM32256S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM32256S-70 = 3.6 W (Max) 

MCM32256S-80 = 3.1 W (Max) 

MCM32256S-10 = 2.7 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 88 mW (Max) 

CMOS Levels = MCM32256S 44 mW (Max) 

MCM32L256S = 8.8 mW (Max) 


MCM32256 

MCM32L256 



PIN OUT 


Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 


Pin 


1 

V SS 

13 

A1 

25 

DQ22 

37 

NC 

■9 




2 

DQO 

14 

A2 

26 

DQ7 

38 

NC 


|2| 


mu 

3 

DQ16 

15 

A3 

27 

DQ23 

39 

V SS 

51 


63 

mom 

4 

DQ1 

16 

A4 

28 

A7 

40 

CASO 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

NC 

41 

CAS2 

53 

DQ10 

65 

DQ15 

6 

DQ2 

18 

A6 

30 

V CC 

42 

CAS3 

54 

DQ26 

66 

NC 

7 1 

DQ18 

19 

NC 

31 

A8 

43 

CAS1 

55 

DQ11 

67 

PD1 

8 

DQ3 

20 

DQ4 

32 

NC 

44 

RAS0 

56 

DQ27 

68 

PD2 

9 

DQ19 

21 

DQ20 

33 

NC | 

45 

NC 

57 

DQ12 

69 

PD3 

10 

Vcc 

22 

DQ5 

34 

RAS2 

46 

NC 

58 

DQ28 

70 

PD4 

11 

NC 

23 

DQ21 

35 

NC 

47 

W 

59 

V CC 

71 

NC 

12 

AO 

24 

DQ6 

36 

NC 

48 

NC 

60 

DQ29 

72 

V SS 


PIN NAMES | 

A0-A8 

Address Inputs 

DQ0-DQ31 

Data Input/Output 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . 

Presence Detect 

RAS0, RAS2 

Row Address Strobe 

W 

Read/Write Input 

v cc 

Power (+ 5 V) 

v ss 

Ground 

NC 



All power supply and ground pins must be 
connected for proper operation of the device. 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to Vgg 
(For Any Pin Except Vqq) 

Vin> ^out 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

PD 

4.8 

W 

Operating Temperature Range 

Ta 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°C 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqq Power Supply Current 

MCM32256-70, t R Q = 130 ns 

>CC1 

— 

640 

mA 

2 


MCM32256-80, t R Q = 150 ns 


— 

560 




MCM32256-10, t R Q = 180 ns 


— 

480 



Vqc Power Supply Current (Standby) (RAS = 

CAS = V| H ) 

*CC2 

— 

16 

mA 


Vqc Power Supply Current 

MCM32256-70, t R Q = 130 ns 

*CC3 

— 

640 

mA 

H 

During RAS only Refresh Cycles 

MCM32256-80, t R Q = 150 ns 


— 

560 


■ 


MCM32256-10, t R Q = 180 ns 


— 

480 


HSU 

Vqc Power Supply Current 

MCM32256-70, t P Q = 40 ns 

<CC4 

— 

480 

mA 

H9RH 

During Fast Page Mode Cycle 

MCM32256-80, t P Q = 45 ns 


— 

400 




MCM32256-10, t P Q = 55 ns 


— 

320 


■ ■ 

Vqq Power Supply Current (Standby) (RAS 

CAS = Vqq -0.2 V) MCM32256 

•CC5 

— 

8 

mA 



MCM32L256 


— 

1.6 



Vqc Power Supply Current 

MCM32256-70, t R Q = 1 30 ns 

>CC6 

— 

640 

mA 

2 

During CAS Before RAS Refresh Cycle 

MCM32256-80, t R Q = 1 50 ns 


— 

560 




MCM32256-10, t R Q = 180 ns 




480 



Vqc Power Supply Current Battery Backup Mode (t R Q = i psfis; CAS = CAS 

'CC7 



mA 


before RAS Cycling or 0.2V; W, DQ, A0-A8 = 

VCC-0.2V or 0.2V) t RAS = Ijis 






MCM32L256 only 


— 

2.4 



Input Leakage Current (Vgg < Vj n < Vqq ) 

'lkg(l) 

-80 

+ 80 

mA 


Output Leakage Current (CAS at Logic 1 , Vgs ^ v out - V CC) 

'lkg(O) 

-10 

+ 10 

jiA 


Output High Voltage (Iqh = ~ 5 mA ) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

— 

0.4 

V 



NOTES: 

1 . All voltages referenced to Vgg. 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 
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CAPACITANCE (f = 1 .0 MHz, T A = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A8) 

On 

— 

50 

PF 

1 

Input Capacitance (W) 

C|2 

- 

66 

pF 

1 

Input Capacitance (RAS0, RAS2) 

C I3 

- 

38 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

- 

24 

pF 

1 

I/O Capacitance (DQ0-DQ31 ) 

c dq 

- 

17 

PF 

1 


NOTE: 

1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM32256-70 

MCM32256-80 

MCM32256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

— 

150 

— 

180 

- 


5 

Page Mode Cycle Time 

tCELCEL 

tpc 


- 

45 

- 

55 

— 

ns 


Access Time from RAS 

iRELQV 

| 

- 

70 

- 

80 

- 


ns 

EB 

Access Time from CAS 

*CELQV 

■231 

- 

20 

- 

20 

— 


ns 

6,8 

Access Time from Column Address 

*AVQV 

l AA 

- 

35 

- 

40 

- 

50 

ns 


Access Time from Precharge CAS 



— 

35 

— 

40 

- 


ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

- 

60 

- 

70 

— 

ns 


RAS Pulse Width 

iRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

- 

20 

- 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

- 

80 

- 

100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 


(continued) 

NOTES: 

1 . V|h min and Vj|_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V|i_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vjr and V|i_ (or between V||_ and V|r) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T^ < 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 v and 
Vql = 0.8 V. 

7. Assumes that tpQp < tRpp (max). 

8. Assumes that tRQp > tppp (max). 

9. Assumes that tR/\p ^ *RAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQp (max) limit ensures that tRAC (max) can be met. tRpp (max) is specified as a reference point only; if tRpp is greater 
than the specified tRpp (max) limit, then access time is controlled exclusively to tpAp- 

1 2. Operation within the tRAp (max) limit ensures that tRAC (max) can be met. tRAp (max) is specified as a reference point only; if tRAp is greater 
than the specified tRAp (max), then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM32256-70 

MCM32256-80 

MCM32256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

mm 

5 

- 

5 

— 

10 

- 

ns 


CAS Precharge Time (Page Mode 
Cyle Only) 

tCEHCEL 

mi 


— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

*AVREL 

151 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

HS338I 

10 

— 


— 

■a 

— 

ns 


Column Address Setup Time 


HSSI 

0 

— 

0 

— 

Hj 

— 



Column Address Hold Time 

tCELAX 

tCAH 


— 


_ 

20 

— 

ns 


Column Address Hold Time 
Referenced to RAS 

tRELAX 

*AR 

55 

■ 

60 

— 

75 

— 



Column Address to RAS Lead Time 

tAVREH 

*RAL 

35 

— 


- 


— 

ns 


Read Command Setup Time 

tWHCEL 

tecs 

0 

- 

0 

- 

0 

- 

■a 


Read Command Hold Time 
Referenced to CAS 

tCEHWX 

*RCH 

0 

— 

0 

— 

0 

— 

i 

B 

Read Command Hold Time 
Referenced to RAS 




— 

0 

— 

0 

- — 


B 





— 


— 

20 

— 

ns 






— 


— 


— 

ns 





15 

— 

15 

- 


- 



Write Command to RAS Lead Time 

*WLREH 



— 


- 

25 

— 

ns 


Write Command to CAS Lead Time 


WBSM 

wm 

- 


- 


- 



Data in Setup Time 



0 

- 

0 

- 

0 

— 

ns 

14 

Data in Hold Time 


| 


- 


- 

20 

— 

ns 

14 

Data in Hold Time Referenced to 

RAS 

tRELDX 

*DHR 

55 

— 

60 

— 

75 

— 

ns 





B 


_ 

8 

64 

— 

8 

64 

ms 


Write Command Setup Time 

tWLCEL 


0 

- 

0 

- 

0 

— 


15 

CAS Setup Time for CAS Before 

RAS Refresh 

tRELCEL 

*CSR 


— 

10 

— 

10 

— 

Q 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 



— 


— 


— 

I 


CAS Precharge to CAS Active Time 

tREHCEL 


0 

— 

0 

- 

0 

— 

B3R 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 


ns 


CAS Precharge Time 

tCEHCEL 

*CPN 

10 

— 

10 

- 

15 

— 

ns 



NOTES: 

1 3. Either tRRH or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

15. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twos - twCS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisifed, the condition of the data out (at access time) is indeterminate. 
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RAS 


3 


CAS 


A0-A7 


DQ0-DQ31 
(DATA OUT) 


RAS 


CAS 


DQ0-DQ31 
(DATA OUT) 


RAS ONLY REFRESH CYCLE 
(W and A8 are Don’t Care) 



v OH - 

HIQH-Z 

VOL - 


CAS_BEFORE RAS REFRESH CYCLE 
(W and AO to A8 are Don’t Care) 
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RAS 


CAS 


ADDRESSES 


W 


DQ0-DQ31 
(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ0-DQ31 
(DATA IN) 


HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (WRITE) 



MOTOROLA MEMORY DATA 






MCM32256® MCM32L256 



MOTOROLA MEMORY DATA 


3-60 



MCM32256* MCM32L256 


DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec- 
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address bus pins on the device are time multi- 
plexed with two separate 9-bit address fields that are strobed 
at the beginning of the memory cycle by tw o clocks (active neg- 
ative) called t he row address strobe (RAS) and the column ad- 
dress strobe (CAS). A total of eighteen address bits will decode 
one of the 262,144 word locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maxium time called tRQQ, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the norma! addressing of the 
device. These are, however, o ther v ariations in ad dress ing the 
modu le: the refresh modes (RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows the user to column access all words within 
a selected row. The refresh mode and page mode operations 
are described in more detail in later sections. 


READ CYCLE 

A read cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memo ry read cycle begins with the row addresses valid 
and t he RAS clock transitioning from V||_| to the Vjj_ level. The 
CAS clock must also make a transition from Vjr to the V|j_ level 
at the specified tRpp timin g li mits wh en the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent o f the a ddress multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tRQ P ma ximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAc)- If the tR CD m aximum condition is not met, the access 
(tcAC) from the CAS clock activ e transition will determine read 
acc ess ti me. The external CAS signal is ignored until an inter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tRQQ minimum specification. The 
time difference between tRQp minimum and tRQp maximum 
can be used to absorb skew delays in switching the address 
bus f rom the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become acti ve, th ey must stay active 
for the minimum (tRAS) peri od fo r the RAS cl ock a nd the mini- 
mum (tQAs) period for the CAS clock. The RAS clock must 


stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next a ctive c ycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive ; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V|r level from the time the CAS 
clock makes its active transition (tRcs) t0 the time when it tran- 
sitions into the inactive (tRQR) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except th at the write 

(W) clock must go active (V|j_ level) at or before the CAS clock 
goes active at a minimum twos time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and th e data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tQWL) an d the row 
strobe to write lea d tim e (tRWL)- These define the minimum 
time that RAS and CAS_clocks need to be active after the write 
operation has started (W clock at Vjl level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera- 
tions at all 512 column locations on a sel ected row. Page ac- 
cess (tpAC) is typically half the regular RAS clock access 
(tRAc) ° n the Motorola 1 M dyna mic RAM. Page mode opera- 
tion c onsists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
1 0-bit column address field. 

The page cycle is alway s initia ted with a row address being 
provided and latch ed by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cy cle, th at has been previ ously 
described, followed by the short er CA S cycles (tpo). The CAS 
cycl e time (tpQ) consists of the CAS clock active time (tcAS)« 
and CAS clock precharge time (tcp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen- 
tially cycling through the 51 2 row address locations every 8 mil- 
liseconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 

RAS-only cycle on 512 row addresses e very 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V|r level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tQSR)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will s tay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
wil l be m aintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata a t the output pin. Hi dden 
refresh is performed by holding CAS at V||_ and taking RAS 
high and aft er a sp ecified precharge period (tRp), executing a 
CAS before RAS refresh cycle. (See Figure 1 .) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 51 2 test cycles, as indicated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write “0”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 512 times. 

3. Select a column address, and write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 



ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 

Motorola Memory Prefix 

Part Number 


32256 or 32L256 



Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 
Package (S = SIMM, SG = Gold Pad SIMM) 


Full Part Numbers - MCM32256S70 
MCM32256S80 
MCM32256S10 


MCM32256SG70 

MCM32256SG80 

MCM32256SG10 


MCM32L256S70 

MCM32L256S80 

MCM32L256S10 


MCM32L256SG70 
MCM32L256SG80 
MCM32L256SG1 0 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


51 2K x 32 Bit Dynamic Random 
Access Memory Module 

The MCM32512S is an 16M, dynamic random access memory (DRAM) module 
organized as 524,288 x 32 bits. The module is a 72-lead double-sided single-in-line 
memory module (SIMM) consisting of sixteen MCM514256A DRAMs housed in 20/26 
J-lead small outline packages (SOJ) mounted on a substrate along with a 0.22 pF 
(min) decoupling capacitor mounted under each DRAM. The MCM514256A is a 1 .0 p 
CMOS high speed, dynamic random access memory organized as 262,144 four-bit 
words and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL- Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM32512 = 8 ms (Max) 

MCM32L512 = 64 ms (Max) 

• Consists of Sixteen 256K x 4 DRAMs and Sixteen 0.22 |xF (Min) Decoupling 
Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAc) : 

MCM3251 2S-70 = 70 ns (Max) 

MCM32512S-80 = 80 ns (Max) 

MCM32512S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM3251 2S-70 - 3.608 W (Max) 

MCM3251 2S-80 = 3.168 W (Max) 

MCM32512S-10 = 2.728 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 176 mW (Max) 

CMOS Levels = 88 mW (Max) 

18 mW (Max, MCM32L512) 


PIN OUT 


Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

1 

V SS 

13 

A1 

25 

DQ22 

37 

NC 

49 

DQ8 

61 

DQ13 

2 


B 

B 



b 

*| 




m 

b 


B 

|j 

B 

i2H 

£ 

9 

B 


m 

E3Q 



B 

B 

m 

B 

B 


B 

HI 

B 

EHI 

IB 


B 


a 

El 

B 



DQ10 

a 


• 


18 

■ 



B 

eh 

B 

ESI 

£ 

IBB 

B 

E 

B 


B 

B 

B 

El 



67 

PD1 

8 

Qj 


|2 

£ 

EH 

B 


B 


68 

PD2 

9 


21 

^231 

El 

E&l 


eh 

a 

DQ12 

69 

PD3 


EM 

22 

Ea 

B 

Ea 

B 


B 

gg 

70 

PD4 

11 

IB 




u 

B 

El 



71 

NC 

MM 

m 

B 


El 

im 

B 



123 

B 

EM 


MCM3251 2 
MCM32L512 



| PIN NAMES | 

A0-A8 

Address Inputs 

DQ0-DQ31 . 

Data Input/Output 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . . 

Presence Detect 

RAS0-RAS3 

Row Address Strobe 

W 

Read/Write Input 

vcc 

Power (+ 5 V) 

Voo 

Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
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BLOCK DIAGRAM 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to V§s 
(For Any Pin Except Vqq) 

< 

3 

< 

O 

c 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

taut 

50 

mA 

Power Dissipation 

Pd 

4.92 

W 

Operating Temperature Range 

t a 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqg = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

MCM32512-70, t R Q = 130 ns 

■cci 

— 

656 

mA 

2 


MCM32512-80, t R Q = 150 ns 


— 

576 




MCM32512-10, t R Q = 180 ns 


— 

496 



Vcc Power Supply Current (Standby) (RAS = 

CAS = V| H ) 

>CC2 

- 

32 

mA 


Vqc Power Supply Current 

MCM32512-70, t R Q = 130 ns 

•CC3 

— 

656 

mA 

2 

During RAS only Refresh Cycles 

MCM32512-80, t RC = 150 ns 


— 

576 




MCM32512-1 0, t RC = 1 80 ns 


— 

496 



Vqq Power Supply Current 

MCM32512-70, t P Q = 40 ns 

>CC4 

— 

496 

mA 

2,3 

During Fast Page Mode Cycle 

MCM325 12-80, t P Q = 45 ns 


— 

416 




MCM32512-10, t P Q = 55 ns 


— 

336 



Vcc Power Supply Current (Standby) (RAS 

= CAS = Vqq - 0.2 V) MCM32512 

'CC5 

— 

16 

mA 



MCM32L512 


— 

3.2 



Vcc P° wer Supply Current 

MCM32512-70, t R Q = 130 ns 

>CC6 

— 

656 

mA 

2 

During CAS Before RAS Refresh Cycle 

MCM32512-80, t RC = 150 ns 


— 

576 




MCM3251 2-1 0, t R Q = 180 ns 


— 

496 



Vqq Power Supply Current Battery Backup Mode (t R Q _ -|25P s ; CAS = CAS 

'CC7 



mA 


before RAS Cycling or 0.2 V; W, DQ, A0-A8 = 

VCC-0.2V or 0.2V) t RAS = Ips 







MCM32L512only 


— 

4.8 



Input Leakage Current (Vgs ^ Vj n < Vqq) 

'lkg(l) 

-160 

160 

pA 


Output Leakage Current (CAS at Logic 1 , Vqs ^ V 0U f < Vqq) 

'lkg(O) 

-20 

20 

pA 


Output High Voltage (Iqh = - 5 mA) 

v OH 

2.4 

- 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

- 

0.4 

V 



NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle.. 
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CAPACITANCE (f = 1 .0 MHz, Ty\ = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A8) 

Cn 

- 

90 

PF 

1 

Input Capacitance (W) 

C|2 

- 

122 

PF 

1 

Input Capacitance (RAS0-RAS3) 

C I3 

- 

38 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

- 

38 

PF 

1 

I/O Capacitance (DQ0-DQ31) 

C DQ 

- 

24 

PF 

1 


NOTE: 

1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM32512-70 

MCM32512-80 

MCM32512-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

iRELREL 

tRC 

130 

- 

150 

- 

180 

- 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

'PC 

40 

- 

45 

- 

55 

- 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

70 

- 

80 

- 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

- 

20 

- 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

35 

— 

40 

- 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

- 

35 

- 

40 

- 

50 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

- 

0 

- 

0 

- 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

*T 

»T 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

- 

70 

- 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

- 

20 

- 

25 

- 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

- 

80 

- 

100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 


(continued) 

NOTES: 


1 . V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V||_| and Vj|_ (or between V||_ and Vm) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tpQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T^ < 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 p.A, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
Vql = 0.8 V. 

7. Assumes that tpQp < tRQD (max). 

8. Assumes that tpQp > tpcD (max). 

9. Assumes that tRAD - tRAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQp (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; if tRQD is greater 
than the specified tRQD (max) limit, then access time is controlled exclusively to tQAQ. 

1 2. Operation within the tRAD (max) limit ensures that tRAQ (max) can be met. tRAD (max) is specified as a reference point only; if tRAD ' s greater 
than the specified tRAD (max), then access time is controlled exclusively by Iaa- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM32512-70 

MCM32512-80 

MCM32512-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

*CRP 

5 

- 

5 

- 

10 

- 

ns 


CAS Precharge Time (Page Mode 
Cyle Only) 

tCEHCEL 

*CP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

*AVREL 

*ASR 

0 

— 

0 

- 

0 

- 

ns 


Row Address Hold Time 

tRELAX 

*RAH 

10 

— 

10 

- 

15 

- 

ns 


Column Address Setup Time 

*AVCEL 

*ASC 

0 

- 

0 

- 

0 

- 

ns 


Column Address Hold Time 

tCELAX 

*CAH 

15 

- 

15 

- 

20 

- 

ns 


Column Address Hold Time 
Referenced to RAS 

tRELAX 

*AR 

55 

— 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

- 

40 

- 

50 

- 

ns 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time 
Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

tWCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time 
Referenced to RAS 

tRELWH 

tWCR 

55 

— 

60 


75 

— 

ns 


Write Command Pulse Width 

tWLWH 

t W p 

15 

— 

15 


20 

- 

ns 


Write Command to RAS Lead Time 

tyVLREH 

tRWL 

20 

— 

20 

- 

25 

- 

ns 


Write Command to CAS Lead Time 

tyVLCEH 

tCWL 

20 

- 

20 

- 

25 

— 

ns 


Data in Setup Time 

*DVCEL 

tDS 

0 

- 

0 

- 

0 

- 

ns 

14 

Data in Hold Time 

tCELDX 

tDH 

15 

- 

15 

- 

20 

- 

ns 

14 

Data in Hold Time Referenced to 

RAS 

tRELDX 

tDHR 

55 

— 

60 

— 

75 

— 

ns 


Refresh Period MCM32512 

MCM32L512 

tRVRV 

tRFSH 

— 

8 

64 

— 

8 

64 

— 

8 

64 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

0 

- 

ns 

15 

CAS Setup Time for CAS Before 

RAS Refresh 

tRELCEL 

tCSR 

10 

— 

10 

— 

10 

— 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

tCHR 

30 

— 

30 

— 

30 

— 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

0 

- 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

- 

10 

- 

15 

- 

ns 



NOTES: 

1 3. Either tRRH or tpQn must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyvcs - tyVCS ( min )> the 

cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisifed, the condition of the data out (at access time) is in determ inate. 

1 6 . To avo id bus contention and potential damage to the module, RASO and RAS1 may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneously active low. 
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RAS 


3 


CAS 


ADDRESSES 


W 


DQ0-DQ31 
(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ0-DQ31 
(DATA OUT) 


READ CYCLE 



EARLY WRITE CYCLE 
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RAS 


CAS 


ADDRESSES 


W 


DQ0-DQ31 
(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ0-DQ31 
(DATA IN) 


HIDDEN REFRESH CYCLE (READ) 




HIDDEN REFRESH CYCLE (WRITE) 

*RC“ 


V|H 

V|L 

V|H 

V|L 




V| H tA i R 
V|L - 


V|H " 
V|L ” 

V|H " 
V| L - 



MW 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec- 
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address bus pins on the device are time multi- 
plexed with two separate 9-bit address fields that are strobed 
at the beginning of the memory cycle by tw o clocks (active neg- 
ative) called t he row address strobe (RAS) and the column ad- 
dress strobe (CAS). A total of eighteen address bits will decode 
one of the 524,288 word locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maxium time called tRQD, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, o ther v ariations in ad dress ing the 
modu le: the refresh modes (RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows the user to column access all words within 
a selected row. The refresh mode and page mode operations 
are described in more detail in later sections. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memo ry read cycle begins with the row addresses valid 
and t he RAS clock transitioning from V||_| to the V||_ level. The 
CAS clock must also make a transition from Vjr to the V|(_ level 
at the specified tRpp timin g li mits wh en the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent o f the a ddress multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tRp p ma ximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAc)- If the tR cp m aximum condition is not met, the access 
(tcAC) f rom the CAS clock activ e transition will determine read 
acc ess ti me. The external CAS signal is ignored until an i nter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (Irar) specification has 
been met and defines the tRpp minimum specification. The 
time difference between tRpp minimum and tRpp maximum 
can be used to absorb skew delays in switching the address 
bus f rom the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become acti ve, th ey must stay active 
for the minimum (tRAs) peri od fo r the RAS cl ock a nd the mini- 
mum (tpAs) period for the CAS clock. The RAS clock must 


stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next a ctive c ycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive ; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V|r level from the time the CAS 
clock makes its active transition (tRp$) to the time when it tran- 
sitions into the inactive (tRpn) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except th at the write 

(W) clock must go active (V||_ level) at or before the CAS clock 
goes active at a minimum tyyps time. If the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and th e data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tpwiJ ancl the row 
strobe to write lea d tim e (tRWL.)- These define the minimum 
time that RAS and CAS_clocks need to be active after the write 
operation has started (W clock at V||_ level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera- 
tions at all 512 column locations on a sele cted row. Page ac- 
cess (tpAp) is typically half the regular RAS clock access 
(tRAc) on the Motorola 1 M dyna mic RAM. Page mode opera- 
tion c onsists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
1 0-bit column address field. 

The page cycle is alway s initia ted with a row address being 
provided and latch ed by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cy cle, th at has been previ ously 
described, followed by the short er CA S cycles (tpo). The CAS 
cycl e time (tpQ) consists of the CAS clock active time (tpAS)’ 
and CAS clock precharge time (tQp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen- 
tially cycling through the 51 2 row address locations every 8 mil- 
liseconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 

RAS-only cycle on 512 row addresses e very 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V|r level. 


MOTOROLA MEMORY DATA 


3-73 



MCM32512*MCM32L512 


CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcsR)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will s tay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
wil l be m aintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata a t the output pin. Hi dden 
refresh is performed by holding CAS at V||_ and taking RAS 
high and aft er a sp ecified precharge period (tRp), executing a 
CAS before RAS refresh cycle. (See Figure 1 .) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 

a CAS before RAS refresh counter test. This refresh counter 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 51 2 test cycles, as indicated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write "0”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 512 times. 

3. Select a column address, and write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1. Hidden Refresh Cycle 


MCM 

Motorola Memory Prefix 

Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


32512 or 32L512 x xx 



Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 
Package (S = SIMM, SG = Gold Pad SIMM) 


Full Part Numbers - 


MCM32512S70 

MCM32512S80 

MCM32512S10 

MCM32L512S70 

MCM32L512S80 

MCM32L512S10 


MCM32512SG70 

MCM32512SG80 

MCM32512SG10 

MCM32L51 2SG70 
MCM32L51 2SG80 
MCM32L512SG10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


1M x 36 Bit Dynamic Random 
Access Memory Module 

The MCM36100S is a 36M, dynamic random access memory (DRAM) module 
organized as 1,048,576 x 36 bits. The module is a 72-lead single-in-line memory 
module (SIMM) consisting of eight MCM514400 DRAMs housed in standard 350-mil- 
wide SOJ packages and four CMOS 1 M x 1 DRAMs housed in 20/26 lead SOJ pack- 
ages, mounted on a substrate along with a 0.22 pF (min) decoupling capacitor 
mounted under each DRAM. The MCM514400 is a CMOS high speed, dynamic ran- 
dom access memory organized as 1 ,048,576 four-bit words and fabricated with 
CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM36100S = 16 ms (Max) 

MCM36L100S = 128 ms (Max) 

• Consists of Eight 1 M x 4 DRAMs, Four 1 M x 1 DRAMs, and Twelve 0.22 pF (Min) 
Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM36100S-80 = 80 ns (Max) 

MCM36100S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM36100S-80 = 6.16 W (Max) 

MCM36100S-10 = 5.28 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 1 32 mW (Max) 

CMOS Levels = 66 mW (Max, MCM36100S) 

CMOS Levels = 22 mW (Max, MCM36L100S) 
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MCM36100 

MCM36L100 



PIN NAMES | 

A0-A9 

Address Inputs 

DQ0-DQ35 . 

Data Input/Output 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . 

Presence Detect 

RAS0, RAS2 

Row Address Strobe 

W 

Read/Write Input 

v cc 

Power (+ 5 V) 

Vss 

Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
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BLOCK DIAGRAM 



PRESENCE DETECT PIN OUT 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

- 1 to + 7 

V 

Voltage Relative to Vgs 
(For Any Pin Except Vqq) 

Vin> V ou t 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

Pd 

8.4 

W 

Operating Temperature Range 

Ta 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

•cci 



mA 

2 

MCM361 00-80, t RC = 150 ns 


— 

1120 



MCM361 00-10, t R Q = 180 ns 


— 

960 



Vcc Power Supply Current (Standby) (RAS = CAS = Vjj-j) 

•CC2 

— 

24 

mA 


Vqc Power Supply Current During RAS only Refresh Cycles 

•CC3 

■ ■ 




MCM361 00-80, t RC = 150 ns 


■ 



■ 

MCM361 00-10, t R c = 180 ns 






Vcc Power Supply Current During Fast Page Mode Cycle 

•CC4 

■ ■ 



jHRH 

MCM361 00-80, tpc = 45 ns 


' v • . . 



■ 

MCM361 00-10, tp C = 55 ns 


' .. ^ 

H| 


■ I 

Vcc Power Supply Current (Standby) (RAS = CAS = Vcc “ 0 2 v ) MCM361 00 

'CC5 

— 

mm 


|| 

MCM36L100 


— 




Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

•CC6 



mA 


MCM361 00-80, t R c = 1 50 ns 


— 

1120 



MCM361 00-10, t RC = 180 ns 


— 

960 



Vcc Power Supply Current Battery Backup Mode 

(t R c = 1 25jlis; t R /\$ = Ips; CAS = CAS Before RAS Cycling or 0.2V; W, DQ, 

A0-A9 » V C c “°- 2V or 0.2V) MCM36L1 00 only 

•CC7 


5.2 

mA 


Input Leakage Current (V§s ^ Vj n £ Vcc) 

'ikg(i) 

-120 

120 

pA 


Output Leakage Current (CAS at Logic 1 , V$s £ V ou t £ Vcc) 

'lkg(O) 

-20 

20 

pA 


Output High Voltage (Iqh = - 5 mA ) 

v OH 

2.4 

- 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

- 

0.4 

V 



NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 
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CAPACITANCE (f = 1 .0 MHz, T/\ = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A9) 

C|i 

- 

70 

PF 

1 

Input Capacitance (W) 

C|2 

— 

94 

PF 

1 

Input Capacitance (RAS0, RAS2) 

C I3 

— 

52 

pF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

— 

31 

PF 

1 

I/O Capacitance (DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-DQ34) 

c dqi 

— 

17 

PF 

1 

I/O Capacitance (DQ8, DQ1 7, DQ26, DQ35) 

C DQ2 

— 

22 

PF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 1 0%, T^ = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1,2,3, and 4) 


Parameter 

Symbol 

MCM361 00-80 

MCM361 00-10 



Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

150 

— 

180 

- 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

50 

- 

60 

- 

ns 


Access Time from RAS 

tRELQV 

*RAC 

- 

80 

- 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

40 

- 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

- 

45 

- 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

- 

0 

- 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

ns 

10 

1 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

60 

- 

70 

__ 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

25 

- 

25 

- 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

80 


100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

25 

10,000 1 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

40 

20 

50 

ns 

12 


(continued) 


NOTES: 

1 . V|h min and V|j_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V||_. 

2. An initial pause of 200 |is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between VjR and V||_ (or between Vjj_ and V|r) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tpQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T/\ < 70°C) is 
assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 |iA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
Vql = 0.8 V. 

7. Assumes that tRQD < tRQp (max). 

8. Assumes that tRQD ^ tRQp (max). 

9. Assumes that tRAD - tRAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRCD (max) limit ensures that tRAQ (max) can be met. tRQD (max) is specified as a reference point only; if tRQD is greater 
than the specified tRQD (max) limit, then access time is controlled exclusively to tQAC- 

1 2. Operation within the tRAD (max) limit ensures that tRAQ (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is Greater 
than the specified tRAD (max), then access time is controlled exclusively by Iaa- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM361 00-80 

MCM361 00-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

*CRP 

5 

- 

10 

- 

ns 


CAS Precharge Time (Page Mode Cyle Only) 

tCEHCEL 

*CP 

10 

- 

10 

- 

ns 


Row Address Setup Time 

tAVREL 

*ASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

*RAH 

10 

— 

15 

— 

ns 


Column Address Setup Time 

UVCEL 

tASC 

0 

- 

0 

- 

ns 


Column Address Hold Time 

*CELAX 

*CAH 

15 

- 

20 

— 

ns 


Column Address Hold Time Referenced 
to RAS 

tRELAX 

*AR 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

Lwreh 

iRAL 

40 

- 

50 

- 

ns 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

- 

0 

- 

ns 


Read Command Hold Time Referenced 
to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time Referenced 
to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time Referenced 
to CAS 

*CELWH 

*WCH 

15 

— 

20 

— 

ns 


Write Command Hold Time Referenced 
to RAS 

tRELWH 

*WCR 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

*WLWH 

t W p 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

- 

25 

- 

ns 


Write Command to CAS Lead Time 

*WLCEH 

tCWL 

20 

- 

25 

- 

ns 


Data in Setup Time 

tDVCEL 

*DS 

0 

- 

0 

- 

ns 

14 

Data in Hold Time 

*CELDX 

T)h 

15 

- 

20 

- 

ns 

14 

Data in Hold Time Referenced to RAS 

tRELDX 

tDHR 

60 

- 

75 

- 

ns 


Refresh Period MCM361 00 

MCM36L100 

tRVRV 

tRFSH 

— 

16 

128 

— 

16 

128 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

ns 

15 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

l CSR 

10 

- 

10 

- 

ns 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

30 

- 

30 

- 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

ns 


CAS Precharge Time for CAS Before RAS 
Counter Test 

tCEHCEL 

^CPT 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

*CPN 

10 

- 

15 

- 

ns 



NOTES: 

13. Either tpRH or tpQH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

15. fy\/0s is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyycs ^ twCS ( m ' n )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisifed, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 


3 



EARLY WRITE CYCLE 
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RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA IN) 


HIDDEN REFRESH CYCLE (READ) 



V| H "■ 
V| L - 


l CRP' 


V|H - 
V|L 




V|h tA -§ R 
V|L - 


tRAH- 


HIDDEN REFRESH CYCLE (WRITE) 

tRC“ 


’ tRAS" 




tar 


' *RAD~ 


ROW 
ADDRESS^ 


f AR' 


X 


•Use 


COLUMN 

ADDRESS 


V IH 

VlL 

V|H 

VlL 


{ WCR* 


*WCS- 




toS” 




UWL- 


*RSH 


' l RAS~ 


r 


l CPN" 


■ tar 




" tRAL 
' l CAH 


j KXXXXXXXXXXXXXXXXOT 


l WP“* 

tQH- 


■ twCH 


xxxxxxxxxxxxxxxxxxxxx 


VALID DATA 


tDHR” 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the device (greater than 4 millisec- 
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address bus pins on the device are time multiplexed 
with two separate 1 0-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called t he ro w address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one of 
the 524,288 word locations in the device. The column address 
strobe follows the row address strobe by a specified minimum 
and maxium time called tRQQ, which is the row to column 
strobe delay. This time interval is also referred to as the multi- 
plex window which gives flexibility to a system designer to set 
up the external addresses into the RAM. These conditions 
have to be met for normal read or write cycles. This initial por- 
tion of the cycle accomplishes the normal addressing of the de- 
vice. These are, however, two other variations in addressing 
the module, one is called the RAS only refresh cycle (de- 
scribed later) where a 9-bit row addre ss field is presented on 
the input pins and latched by the RAS clock. The most signifi- 
cant bit on Row Address A9 is not required for refresh. The oth- 
er variation, which is called page mode, allows the user to 
column access all words within a selected row. (See PAGE- 
MODE CYCLES section.) 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memo ry read cycle begins with the row addresses valid 
and t he RAS clock transitioning from V|r to the V||_ level. The 
CAS clock must also make a transition from V|r to the V|(_ level 
at the specified tRCD timin g li mits wh en the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent o f the a ddress multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tRC D ma ximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAc)- If the tR CD m aximum condition is not met, the access 
(tcAC) f rom the CAS clock activ e transition will determine read 
acc ess ti me. The external CAS signal is ignored until an inter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tRQp minimum specification. The 
time difference between tRCD minimum and tRCD maximum 
can be used to absorb skew delays in switching the address 
bus f rom the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become acti ve, th ey must stay active 
for the minimum (tRAs) period for the RAS clock and the mini- 


mum (tQAS) period for the CAS clock. The RAS clock must 
stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next a ctive c ycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive ; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the Vjr level from the time the CAS 
clock makes its active transition (tRcs) t0 the time when it tran- 
sitions into the inactive (tRon) mode. 

WRITE CYCLE 

_A write cycle is similar to a read cycle except th at the write 
(W) clock must go active (V||_ level) at or before the CAS clock 
goes active at a minimum tyycs time - the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and th e data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tQWL) and the row 
strobe to write lea d tim e (tRWL)- These define the minimum 
time that RAS and CAS_clocks need to be active after the write 
operation has started (W clock at V||_ level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera- 
tions at all 1 024 column locations on a sel ected row. Page ac- 
cess (tQAC) is typically half the regular RAS clock access 
(tRAc) on the Motorola 1 M dyna mic RAM. Page mode opera- 
tion c onsists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
1 0-bit column address field. 

The page cycle is alway s initia ted with a row address being 
provided and latch ed by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cy cle, th at has been previ ously 
described, followed by the short er CA S cycles (tpc)- The CAS 
cycl e time (tpc) consists of the CAS clock active time (tQAS)> 
and CAS clock precharge time (tQp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 16 milliseconds. This is accomplished by sequen- 
tially cycling through the 1 024 row address locations every 1 6 
milliseconds (i.e., at least one row every 15.6 microseconds). 
A normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 

RAS-only cycle on 1 024 row addresses ev ery 1 6 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a Vj|_| level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tQgR)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will stay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
wil l be m aintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata a t the output pin. Hi dden 
refresh is performed by holding CAS at V||_ and taking RAS 
high and aft er a s pecified precharge period (tRp), executing a 
CAS before RAS refresh cycle. (See Figure 1.) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 

a CAS before RAS refresh counter test. This refresh counter 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1 024 test cycles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write “0”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a column address, and write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1. Hidden Refresh Cycle 


Motorola Memory Prefix- 
Part Number 


MCM 


ORDERING INFORMATION 
(Order by Full Part Number) 


36100 or 36L100 x xx 



Speed (80 = 80 ns, 10 = 100 ns) 


Package (S = SIMM, SG = Gold Pad SIMM) 


Full Part Numbers - MCM361 0OS80 
MCM36100S10 


MCM36100SG80 

MCM36100SG10 


MCM36L100S80 MCM36L100SG80 

MCM36L100S10 MCM36L100SG10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2M x 36 Bit Dynamic Random 
Access Memory Module 

The MCM36200S is a 72M, dynamic random access memory (DRAM) module 
organized as 2,097,152 x 36 bits. The module is a double-sided 72-lead single-in-line 
memory module (SIMM) consisting of sixteen MCM514400 DRAMs housed in stan- 
dard 350-mil-wide SOJ packages and eight CMOS 1 M x 1 DRAMs housed in 20/26 
lead SOJ packages, mounted on a substrate along with a 0.22 p.F (min) decoupling 
capacitor mounted under each DRAM. The MCM514400 is a CMOS high speed, dy- 
namic random access memory organized as 1 ,048,576 four-bit words and fabricated 
with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM36200S = 16 ms (Max) 

MCM36L200S = 128 ms (Max) 

• Consists of Sixteen 1 M x 4 DRAMs, Eight 1 M x 1 DRAMs, and 
Twenty Four 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM36200S-80 = 80 ns (Max) 

MCM36200S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM36200S-80 = 6.30 W (Max) 

MCM36200S-10 = 5.41 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 264 mW (Max) 

CMOS Levels = 132 mW (Max, MCM36200S) 

CMOS Levels = 44 mW (Max, MCM36L200S) 


PIN OUT 


Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 


1 

KM 1 

b 

B 


B 


ma 

B 

mm 

61 

B 

2 

a 

14 

KM 


m 

ma 

mm 

ma 

B 

62 

mi 

b 

mm 

■a 


E 


i 

s 

B 

ma 

iph 

H33 

4 

Q| 

b 

El 

El 


am 

am 

B 

[mi 

64 

DQ34 

b 

m 

D 

mi 

El 

m 

D 

am 

ma 

ma 

65 

DQ16 

6 

B 

Q 

KM 

mi 

9 

B 

m 

B 

mm 

66 

NC 

7 

mm 

B 

mi 

ma 

mm 

B 

B 

ma 

mm 

67 

PD1 

8 

l^jiH 

mi 

mi 

mi 

mi 



B 

mm 

68 

PD2 

9 

DQ21 

21 

b 

KB 

mu 


a 

■ 

b 

69 

PD3 

10 

V CC 

22 

ma 

El 

mu 

am 

am 

m 

m 

70 

PD4 

11 

NC 

23 

mu 

mi 

ma 

B 

mi 

m 

BBi 

71 

NC 

12 

AO 

24 

ma 

ma 

iSa 

B 

ma 

a 

m 

72 

V SS 


MCM36200 

MCM36L200 



PIN NAMES | 

A0-A9 

Address Inputs 

DQ0-DQ35 . 

Data Input/Output 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . 

Presence Detect 

RAS0-RAS3 

Row Address Strobe 

W 

Read/Write Input 

v cc 

Power (+ 5 V) 

V SS 

Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
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BLOCK DIAGRAM 


CASO 


RASO 


CAS1 


CAS2 


RAS2 


CAS3 


W 

A0-A9 


V CC 


V SS 



X 

X 


0.22 )j.F (MIN) 


-► U0-U23 
-► U0-U23 


RAS1 


RAS3 


PRESENCE DETECT PIN OUT j 

Pin Name 

70 ns 

80 ns 

100 ns 

PD1 

NC 

NC 

NC 

PD2 

NC 

NC 

NC 

PD3 

V SS 

NC 

V SS 

PD4 

NC 

V SS 

V SS 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

- 1 to + 7 

V 

Voltage Relative to Vgs 
(For Any Pin Except Vqq) 

Vin.Vout 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

'out 

50 

mA 

Power Dissipation 

Pd 

8.66 

W 

Operating Temperature Range 

t a 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°C 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

>CC1 



mA 

2 

MCM36200-80, t RC = 150 ns 


— 

1144 



MCM36200-1 0, t RC = 180 ns 


— 

984 



Vcc Power Supply Current (Standby) (RAS = CAS = V| R ) 

'CC2 

— 

48 

mA 


Vcc Power Supply Current During RAS only Refresh Cycles 

*CC3 



mA 

2 

MCM36200-80, t R c = 150 ns 


— 

1144 



MCM36200-10, t R Q = 180 ns 


— 

984 



Vcc Power Supply Current During Fast Page Mode Cycle 

<CC4 



mA 

2,3 

MCM36200-80, tpc = 45 ns 


— 

784 



MCM36200-10, t P Q = 55 ns 


— 

664 



Vqc Po wer Supply Current (Standby) (RAS = CAS = Vqc ~ 0.2 V) MCM36200 

'CC5 

_ 

24 

mA 


MCM36L200 


— 

8 



Vqc Power Supply Current During CAS Before RAS Refresh Cycle 

'CC6 



mA 

2 

MCM36200-80, t R Q = 1 50 ns 


— 

1144 



MCM36200-1 0, t R Q = 180 ns 


— 

984 



VCC Power Supply Current Battery Backup Mode (t R Q = 125ps; t R/ \s = l^s; 

CAS = CAS Before RAS Cycling or 0.2V; W, DQ, A0-A9 = Vcc -0-2V or 0.2v) 

'CC7 


10.4 

mA 


MCM36L200 only 






Input Leakage Current (Vgs ^ Vj n < Vqc) 

•ikod) 

-240 

240 

HA 


Output Leakage Current (CAS at Logic 1 , Vgs ^ V out < Vqc) 

'ikg(O) 

-20 

20 

HA 


Output High Voltage (Iqh = ~ 5 mA ) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4 - 2 mA ) 

v OL 

- 

0.4 

V 



NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 
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RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A9) 

C|i 

- 

130 

PF 

1 

Input Capacitance (W) 

C|2 

- 

178 

PF 

1 

Input Capacitance (RAS0-RAS2) 

C|3 

— 

52 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

- 

52 

PF 

1 

I/O Capacitance (DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-DQ34) 

C DQ1 

— 

24 

PF 

1 

I/O Capacitance (DQ8, DQ17, DQ26, DQ35) 

C DQ2 

— 

34 

PF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1,2,3, and 4) 


Parameter 

Symbol 

MCM36200-80 

MCM36200-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

150 

— 

180 

— 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

50 

- 

60 

- 

ns 


Access Time from RAS 

tRELQV 

tRAC 

- 

80 

- 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

- 

20 

- 

25 

ns 

6,8 

Access Time from Column Address 

lAVQV 

tAA 

— 

40 

- 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

l CPA 

— 

45 

— 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

_ 

0 

- 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

»T 

tT 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

60 

- 

70 

- 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

25 

- 

25 

- - - - 

ns 


CAS Hold Time 

iRELCEH 

tCSH 

80 

- 

100 


ns 


CAS Pulse Width 

ICELCEH 

tCAS 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

1RELAV 

tRAD 

15 

40 

20 

50 

ns 

12 


(continued) 


NOTES: 

1 . V|n min and V|(_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and V|j_ (or between V|[_ and V|r) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T^ < 70°C) is 
assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
V 0L = 0.8 V. 

7. Assumes that tRQQ < tRQQ (max). 

8. Assumes that tpQQ > tRQQ (max). 

9. Assumes that tRAD ^ tRAD (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQD (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; if tRQD is greater 
than the specified tRQD (max) limit, then access time is controlled exclusively to tQAC- 

1 2. Operation within the tRAD (max) limit ensures that Iraq (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is greater 
than the specified tRAD (max), then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM36200 

MCM36L200 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

*CRP 

5 

- 

10 


ns 


CAS Precharge Time (Page Mode Cyle Only) 

ICEHCEL 

*CP 

10 

— 

10 

— 

ns 


Row Address Setup Time 

*AVREL 

*ASR 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

*RAH 

10 

— 

15 

— 

ns 


Column Address Setup Time 

tAVCEL 

*ASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 



BSI 


Column Address Hold Time Referenced 
to RAS 

tRELAX 

*AR 

60 

— 

H 


Q 

■ 

Column Address to RAS Lead Time 

tAVREH 

*RAL 

40 

— 


— 



Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

— 

nm 


Read Command Hold Time Referenced 
to CAS 

tCEHWX 

*RCH 

0 

— 


— 

ns 

13 

Read Command Hold Time Referenced 
to RAS 

tREHWX 



*RRH 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time Referenced 
to CAS 

*CELWH 

*WCH 

15 

— 

20 

— 

ns 


Write Command Hold Time Referenced 
to RAS 

tRELWH 

*WCR 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

tWLWH 

twp 

15 

— 

20 

- 

ns 


Write Command to RAS Lead Time 

tWLREH 

*RWL 

20 

— 

25 

— 

ns 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

- 

25 

- 

ns 


Data in Setup Time 

tDVCEL 

*DS 

0 

- 

0 

— 

ns 

14 

Data in Hold Time 

l CELDX 

l DH 

15 

- 

20 

— 

ns 

14 

Data in Hold Time Referenced to RAS 

tRELDX 

*DHR 

60 

- 

75 

- 

ns 


Refresh Period MCM36200 

MCM36L200 

tRVRV 

tRFSH 

— 

16 

128 

— 

16 

128 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

— 

ns 

15 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

tCSR 

10 

— 

10 

— 

ns 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

30 

— 

30 

— 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

— 

ns 


CAS Precharge Time for CAS Before RAS 
Counter Test 

tCEHCEL 

*CPT 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

- 

15 

— 

ns 



NOTES: 

1 3. Either tRR|-| or tRQH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

15-twcS is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyycs - l WCS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 

satisifed, the condition of the data out (at access time) is inde termina te. 

16. To av oid bus contention and potential damage to the module, RASO and RAS1 may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneously active low. 
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RAS 


3 


CAS 


ADDRESSES 


DQ 

(DATA OUT) 


RAS 


CAS 


DQ 

(DATA OUT) 


RAS ONLY REFRESH CYCLE 
(W and A9 are Don’t Care) 


V|H "• 

V|l - 

V|H " 

V|l - 

V|H 
V|L 


ft 


' tRAS ' 


tRC“ 


’ »CRP 


tRP“ 


V 


■ tRPC 




■ tASR 


’ tRAH 




v OH 

v OL 


HIGH-Z' 


CAS BEFORE RAS REFRESH CYCLE 
(AO to A9 are Don’t Care) 
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RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA IN) 


HIDDEN REFRESH CYCLE (READ) 



V| H 

V|L - 

V|H 


l CRP - 


V|L 

V|H 

V|L 

V|H 

V|L 

V|H 

V|L 


J 


l ASR“ 


tRAH- 


HIDDEN REFRESH CYCLE (WRITE) 

tRC" 


' l RAS““ 




tRCD" 


‘ tRAD"^ 


ROW 
ADDRESS/ 


{ AR‘ 


m 


l 


■Jasc 


COLUMN 
ADDRESS / y 


' twCR- 


*wcs- 


XXXXXXXX) 


tDS” 


A 


tRWL“ 


tRSH 


’ { RAS“ 


r 


tCPN" 


‘ *CHR" 


r~\ 


*RAL 
' *CAH 


myyyyyyyyyyyyyyyyyy 


tWP- 


■ l WCH 


xxxxxxxxxxxxxxxxxxxxx 


{ DH - 


VALID DATA 


tDHR" 
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RAS 


3 


CAS 

ADDRESSES 

READ CYCLE 

DQ 

(DATA OUT) 

W 

WRITE CYCLE 

w 

DQ 

(DATA IN) 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec- 
onds with device powered up), the wake up sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The ten address bus pins on the device are time multiplexed 
with two separate 1 0-bit address fields that are strobed at the 
beginning of the memory cycle by tw o clocks (active negative) 
called t he ro w address strobe (RAS) and the column address 
strobe (CAS). A total of twenty address bits will decode one of 
the 2,097,152 word locations in the module. The column ad- 
dress strobe follows the row address strobe by a specified 
minimum and maxium time called tpQQ, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, two othe r variations in addressing 
the module, one is called the RAS only refresh cycle (de- 
scribed later) where a 9-bit row addre ss field is presented on 
the input pins and latched by the RAS clock. The most signifi- 
cant bit on Row Address A9 is not required for refresh. The oth- 
er variation, which is called page mode, allows the user to 
column access all words within a selected row. (See PAGE- 
MODE CYCLES section). 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memo ry read cycle begins with the row addresses valid 
and t he RAS clock transitioning from V|r to the V||_ level. The 
CAS clock must also make a transition from V||_| to the V||_ level 
at the specified tRCD timin g li mits wh en the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent o f the a ddress multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tRo p ma ximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAc)- lf the tR CD m aximum condition is not met, the access 
(tcAC) from the C AS dock activ e transition will determine read 
acc ess ti me. The external CAS signal is ignored until an i nter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tRQp minimum specification. The 
time difference between tRpp minimum and tRQp maximum 
can be used to absorb skew delays in switching the address 
bus f rom the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become acti ve, th ey must stay active 
for the minimum (tRAs) period for the RAS clock and the mini- 


mum (tQAs) period for the CAS clock. The RAS clock must 
stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next a ctive c ycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive ; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V|r level from the time the CAS 
clock makes its active transition (tRps) to the time when it tran- 
sitions into the inactive (tRQR) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except th at the write 

(W) clock must go active (V|j_ level) at or before the CAS clock 
goes active at a minimum tyycs time. N the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and th e data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tQWL) anc * the row 
strobe to write lea d tim e (tRWL)- These define the minimum 
time that RAS and CASclocks need to be active after the write 
operation has started (W clock at V|[_ level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera- 
tions at all 1 024 column locations on a sel ected row. Page ac- 
cess (tpAC) IS typically half the regular RAS clock access 
(tRAc) ° n the Motorola 1 M dyna mic RAM. Page mode opera- 
tion c onsists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is alway s initia ted with a row address being 
provided and latch ed by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cy cle, th at has been previ ously 
described, followed by the short er CA S cycles (tpc)- The CAS 
cycl e time (tpo) consists of the CAS clock active time (tcAS)> 
and CAS clock precharge time (tQp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 16 milliseconds. This is accomplished by sequen- 
tially cycling through the 1 024 row address locations every 1 6 
.milliseconds (i.e., at least one row every 15.6 microseconds). 
A normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 

RAS-only cycle on 1 024 row addresses ev ery 1 6 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V|r level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tQgR). This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will s tay in the high impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
wil l be m aintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata a t the output pin. Hi dden 
refresh is performed by holding CAS at V||_ and taking RAS 
high and aft er a sp ecified precharge period (tpp), executing a 
CAS before RAS refresh cycle. (See Figure 1 .) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1 024 test cycles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write “0”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1 024 times. 

3. Select a column address, and write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1 024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 



ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 36200 or 36L200 x xx 


Motorola Memory Prefix- 


T. 


Speed (80 = 80 ns, 10 * 100 ns) 


Part Number 


Package (S = SIMM, SG = Gold Pad SIMM) 


Full Part Numbers - MCM36200S80 
MCM36200S10 


MCM36200SG80 

MCM36200SG10 


MCM36L200S80 MCM36L200SG80 

MCM36L200S10 MCM36L200SG10 
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MOTOROLA 

SEMICONDUCTOR hhhhhhh 

TECHNICAL DATA 

256K x 36 Bit Dynamic Random 
Access Memory Module 

The MCM36256S is a 9M, dynamic random access memory (DRAM) module or- 
ganized as 262,144 x 36 bits. The module is a 72-lead single-in-line memory module 
(SIMM) consisting of eight MCM514256A DRAMs housed in 20/26 J-lead small out- 
line packages (SOJ) and four CMOS 256K x 1 DRAMs housed in 18-lead PLCC 
packages, mounted on a substrate along with a 0.22 pF (min) decoupling capacitor 
mounted under each DRAM. The MCM514256A is a 1 .0 p CMOS high speed, dy- 
namic random access memory organized as 262,144 four-bit words and fabricated 
with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL- Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM36256 = 8 ms (Max) 

• Consists of Eight 256K x 4 DRAMs, Four 256K x 1 DRAMs, and Twelve 0.22 pF 
(Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM36256S-70 = 70 ns (Max) 

MCM36256S-80 = 80 ns (Max) 

MCM36256S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM36256S-70 = 5.17 W (Max) 

MCM36256S-80 = 4.51 W (Max) 

MCM36256S-10 = 3.85 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 132 mW (Max) 

CMOS Levels = 66 mW (Max) 


PIN OUT 


Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

1 

Vss 

13 

A1 

25 

DQ24 

37 

DQ17 

49 

DQ9 

61 

DQ14 

2 

DQO 

14 

A2 

26 

DQ7 

38 

DQ35 

50 

DQ27 

62 

DQ33 

■a 


ID 

m 

wm 



9 

n 

mm 

mm 

DQ15 

4 

u 


A4 

28 

O 

■1 



m 

m 

DQ34 

5 

EE 



KB 

E| 

41 


E 

m 

KB 

DQ16 

6 



■a 

e 

EH 

KB 

JjgjJ 

E 

■m 

im 

NC 

7 

^23 

B9 

mm 

KB 

O 

43 

u 

mm 

mm 

■ 

PD1 

8 

21 

mi 




IB 

u 

KB 

m 

IB 

PD2 

9 

mu 


m 


K9 

KB 

ES 

57 

E 

O 

PD3 

KB 

9 

i 


EB 

mu 


H3 

58 

m 

70 

PD4 

11 

mm 

mu 

n 

e 

mm 

EH 

m 

E*? 

1 WM 

71 

NC 

wm 

e 

EK 

e 


EJ 

KB 

mm 

EB 

223 

72 

vss 
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PIN NAMES | 

A0-A8 

Address inputs 

DQ0-DQ35 . 

Data Input/Output 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 .. 

Presence Detect 

RAS0, RAS2 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+ 5 V) 

vss 

Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to Vgs 
(For Any Pin Except Vqc) 

v in< v out 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

'out 

50 

mA 

Power Dissipation 

PD 

7.05 

W 

Operating Temperature Range 

t a 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

mm 

5.0 

5.5 


■ 


0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqq Power Supply Current 

>CC1 



mA 

2 

MCM36256-70, t R Q = 130 ns 


— 

940 



MCM36256-80, t RC = 1 50 ns 


— 

820 



MCM36256-10, t R Q = 180 ns 


— 

700 



Vqq Power Supply Current (Standby) (RAS = CAS = V| R ) 

! CC2 

- 

24 

mA 


Vqq Power Supply Current During RAS only Refresh Cycles 

>CC3 



mA 

2 

MCM36256-70, t RC = 130 ns 


— 

940 



MCM36256-80, t RC = 150 ns 


— 

820 



MCM36256-10, t RC = 180 ns 


— 

700 



Vqq Power Supply Current During Fast Page Mode Cycle 

*CC4 



mA 

2,3 

MCM36256-70, t PC = 40 ns 


— 

680 



MCM36256-80, t PC = 45 ns 


__ 

560 



MCM36256-10, t P Q = 55 ns 


— 

460 



V CC Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) 

>CC5 

— 

12 

mA 


V CC Power Supply Current During CAS Before RAS Refresh Cycle 

! CC6 



mA 


MCM36256-70, t RC = 130 ns 


— 

940 



MCM36256-80, t R Q = 150 ns 


— 

820 



MCM36256-10, t RC = 180 ns 


— 

700 



Input Leakage Current (Vgs ^ v in & V CC) 

'ikg(i) 

-120 

120 

pA 


Output Leakage Current (CAS at Logic 1 , V$s ^ V ou t < Vqq) 

'ikg(O) 

-10 

+ 10 

pA 


Output High Voltage (Iqh = ~ 5 mA ) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

— 

0.4 

V 



NOTES: 

1 . All voltages referenced to V§s- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 
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CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A8) 

C|i 

- 

75 

PF 

1 

Input Capacitance (W) 

C|2 

- 

94 

PF 

1 

Input Capacitance (RAS0, RAS2) 

C|3 

- 

52 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

- 

31 

PF 

1 

I/O Capacitance (DQ0-DQ7, DQ9-DQ16, DQ18-DQ25, DQ27-DQ34) 

C DQ1 

— 

17 

PF 

1 

I/O Capacitance (DQ8, DQ17, DQ26, DQ35) 

C DQ2 

- 

22 

PF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM36256-70 

MCM36256-80 

MCM36256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

- 

150 

- 

180 

- 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

40 

— 

45 

- 

55 

- 

ns 


Access Time from RAS 

tRELQV 

*RAC 

- 

70 

- 

80 

- 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

l CAC 

- 

20 

- 

20 

- 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

*AA 

- 

35 

- 

40 

- 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

- 

35 

- 

40 

- 

50 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

- 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

- 

60 

- 

70 

- 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

- 

20 

- 

25 

- 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

- 

100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 


NOTES: (continued) 


1 . V|n min and V|i_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vm and V||_ (or between V|l and V||_|) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T A < 70°C) is 
assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
V 0 L = 0.8 V. 

7. Assumes that tRQQ ^ tRQQ (max). 

8. Assumes that tRQQ > tRQQ (max). 

9. Assumes that tR>\Q - *RAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQQ (max) limit ensures that tRAQ (max) can be met. tRQQ (max) is specified as a reference point only; if tRQQ is greater 
than the specified tRQQ (max) limit, then access time is controlled exclusively to tQ^Q. 

1 2. Operation within the tR^Q (max) limit ensures that tR/\Q (max) can be met. tR^Q (max) is specified as a reference point only; if tRAQ is greater 
than the specified tRAQ (max), then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM36256-70 

MCM36256-80 

MCM36256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

*CRP 

5 

- 

5 

- 

10 

- 

ns 


CAS Precharge Time (Page Mode 
Cyle Only) 

tCEHCEL 

*CP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

*ASR 

0 

- 

0 

- 

0 

- 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

- 

10 

- 

15 

- 

ns 


Column Address Setup Time 

BESSES 8 


0 

- 

0 

— 

0 

- 

ns 


Column Address Hold Time 

BkkMB 



- 


- 


- 



Column Address Hold Time 
Referenced to RAS 

tRELAX 

*AR 

55 

— 

60 

— 

75 

— 


B 

Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

- 

40 

- 

50 

- 



Read Command Setup Time 

tWHCEL 

*RCS 

0 

— 

0 

- 

0 

- 



Read Command Hold Time 
Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 



Read Command Hold Time 
Referenced to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

0 

— 



Write Command Hold Time 
Referenced to CAS 

tCELWH 

*WCH 

15 



— 

20 

— 

B 


Write Command Hold Time 
Referenced to RAS 

tRELWH 

tWCR 

55 


60 

— 

75 

— 

ns 


Write Command Pulse Width 

*WLWH 

t W p 

15 

- 

■a 

- 

20 

- 



Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

- 


- 

25 

- 

ns 


Write Command to CAS Lead Time 

tWLCEH 

tCWL 

20 

- 


- 

25 

- 

ns 


Data in Setup Time 

tDVCEL 

l DS 

0 

- 

0 

- 

0 

- 

EH 

14 

Data in Hold Time 


X DH 

15 

- 

m 

- 


- 

E!H 

n 


tRELDX 



— 

B 

— 

B 

— 

B 

B 

Refresh Period 

tRVRV 

tRFSH 

- 

8 

— 

8 

- 

8 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

0 

- 

ns 

15 

CAS Setup Time for CAS Before 

RAS Refresh 

tRELCEL 

tcSR 

10 

! 

10 

— 

10 

— 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

tCHR 

30 


30 

— 

30 

— 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

0 

- 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

l CEHCEL 

tCPT 

40 

— 

40 

— 

50 


ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

- 

10 

— 

15 

- 

ns 


Fast Page Mode Cycle Time 

tCELCELP 

tpcp 

45 

- 

45 

- 

55 

- 

ns 

16 

Output Buffer and Turn-Off Delay 

tCEHQZP 

tOFFP 

0 

25 

0 

25 

0 

25 

ns 

10,16 

Access Time from Precharge q/\s 

tCEHQVP 

tCPAP 


45 


45 


50 

ns 

6,16 


NOTES: 

13. Either tRRH or tRQH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyycs - *WCS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisifed, the condition of the data out (at access time) is indeterminate. 

16. This parameter applies to the parity bits only. 
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FAST PAGE MODE READ CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inactive 
state (greater than 8 milliseconds with the device powered up) , 
a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 9-bit address fields. A total of eighteen address bits, nine 
rows and nine columns, will d ecode one of the 262,1 44 word 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = ViL. tRCP mi nimum ) for all read 
or write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. ___ 

The external CAS signal is ignored until an int ernal RAS sig- 
nal is available. Th is gat e feature on the external CAS clock en- 
ables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

There are t wo other variations in a ddres sing the 256K x4 
module: RAS only refresh cycle and CAS before RAS re- 
fresh cycle. Both are discussed in separate sections that fol- 
low. 

READ CYCLE 

The DRAM may be read with either a normal random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|H), tRQS (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read 
access time of the device is independent of t he ad dress multi- 
plex window. CAS controls read access time: CAS must be ac- 
tive before or at tRQQ maximu m to g uarantee valid data out 
(DQ) at tRAC (access time from RAS active transition). If the 
tRCD maxim um is exceeded read access time is determined 
by the CAS acti ve tra nsition (tQAc)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras ancl *CAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
ti vely, to maintain the data at that bit location .Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid , but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 
will switch to High Z, tQFF a ^ er the inactive transition. 


WRITE CYCLE 

The DRAM may be written by either an early write or a page 
mode early write cycle. Early write mode is discussed here, 
while page mode write operations are covered in another sec- 
tion. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(Vjl). Early write mode is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tCAS> and precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time twcs before CAS active transition . Dat a In 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and tc WL> respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 51 2 
column locations on a selected row of the module. Rea d ac- 
cess time in page mode (tQAC) is typically half the regular RAS 
clock a ccess time, tRAC- Pa 9 e mode operation consists of 
keeping RAS active w hile to ggling CAS between V|r an d V|l- 
The row is latched by RAS active transition, while each CAS 
active transition allows selection of a new column location on 
the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sections. Onc e the timing 
requirements for the first cycle are m et, CAS transitions to 
inactive for m inimum tQp, while R AS re mains low (V||_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpc). Either a read or write operation can be 
performed in a page mode cycle, subject to the same 
conditions as in normal operation (previously described). 
These operations can be intermixed in consecutive page mode 
cycles and performed in any order. The maximum number of 
consecutive page mode cycles is lim ited by tRASP- Pa 9 e 
mode operation is ended when RAS transitions to inactive, 
coincident with or following CAS inactive transition. 
REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge stor- 
age for each bit in the array. This charge degrades with time 
and temperature, thus each bit must be periodically refreshed 
(recharged) to maintain the correct bit state. Bits in the 
MCM36512 require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM36512. Burst refresh, a refresh of 
all 512 rows consecutively, must be performed every 8 milli- 
seconds on the MCM36512. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the p articular row d ecode d. Thre e oth- 
er methods of refresh, RAS-only refresh, CAS before RAS 
refresh, and Hidden refresh are available on this device for 
greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|r) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 
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CAS Before RAS Refresh 

CAS befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External 
address lines are ignored during the automatic refresh cycle. 
The output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 
test is performed with read and write operations. During this 


test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 51 2 test c ycles , as indi cated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The test c an be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write “0”s into all memory cells (normal write mode). 

2. Select a co lumn addres s, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 51 2 times. 

3. Select a c olumn addre ss, an d write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 51 2 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1 . Hidden Refresh Cycle 


MCM 

Motorola Memory Prefix 

Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

36256 x xx 



Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 
Package (S = SIMM, SG = Gold Pad SIMM) 


Full Part Numbers - MCM36256S70 
MCM36256S80 
MCM36256S10 


MCM36256SG70 

MCM36256SG80 

MCM36256SG10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


51 2K x 36 Bit Dynamic Random 
Access Memory Module 

The MCM36512S is an 18M, dynamic random access memory (DRAM) module 
organized as 524,288 x 36 bits. The module is a 72-lead double-sided single-in-line 
memory module (SIMM) consisting of sixteen MCM514256A DRAMs housed in 20/26 
J-lead small outline packages (SOJ) and eight CMOS 256K x 1 DRAMs housed in 
18-lead PLCC packages, mounted on a substrate along with a 0.22 jllF (min) decoup- 
ling capacitor mounted under each DRAM. The MCM514256A is a 1 .0 ji CMOS high 
speed, dynamic random access memory organized as 262,144 four-bit words and 
fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM36512 = 8 ms (Max) 

• Consists of Sixteen 256K x 4 DRAMs, Eight 256K x 1 DRAMs, and Twenty Four 
0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM36512S-70 = 70 ns (Max) 

MCM36512S-80 = 80 ns (Max) 

MCM36512S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM36512S-70 = 5.302 W (Max) 

MCM36512S-80 = 4.642 W (Max) 

MCM36512S-10 = 3.982 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 264 mW (Max) 

CMOS Levels = 132 mW (Max) 


PIN OUT 
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BLOCK DIAGRAM 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

- 1 to + 7 

V 

Voltage Relative to Vss 
(For Any Pin Except Vqq) 

v in> Vout 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

'out 

50 

mA 

Power Dissipation 

Pd 

7.23 

W 

Operating Temperature Range 

t a 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

'cci 



mA 

2 

MCM36512-70, t R Q = 130 ns 


— 

964 



MCM36512-80, t RC = 150 ns 


— 

844 



MCM36512-10,t RC = 180 ns 


— 

724 



Vqc Power Supply Current (Standby) (RAS = CAS = V| R ) 

•CC2 

- 

48 

mA 


Vcc Power Supply Current During RAS only Refresh Cycles 

>CC3 



mA 

2 

MCM36512-70, t RC = 130 ns 


— 

964 



MCM36512-80, t R Q = 150 ns 


— 

844 



MCM36512-10, t R Q = 180 ns 


— 

724 



Vqc Power Supply Current During Fast Page Mode Cycle 

>CC4 



mA 

2,3 

MCM36512-70, t PC = 40 ns 


— 

704 



MCM36512-80, t P Q = 45 ns 


— 

584 



MCM36512-10, t PC = 55 ns 


— 

484 



Vcc Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) 

'CC5 

— 

24 

mA 


Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

>CC6 



mA 

2 

MCM36512-70, t RC = 130 ns 


— 

964 



MCM36512-80, t RC = 150 ns 


— 

844 



MCM36512-10, t R Q = 180 ns 


— 

724 



Input Leakage Current (Vqq < Vj n < Vqq) 

'lkg(l) 

-240 

240 

fiA 


Output Leakage Current (CAS at Logic 1 , Vqq < V out < Vqq) 

'lkg(O) 

-20 

20 

pA 


Output High Voltage (Iqh = - 5 mA) 

v OH 

2.4 

- 

V 


Output Low Voltage (Iql = 4 - 2 mA) 

v OL 

- 

0.4 

V 



NOTES: 

1 . All voltages referenced to V33. 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 
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CAPACITANCE (f = 1.0 MHz, T/\ = 25°C, Vqc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A8) 

Cm 

- 

138 

PF 

1 

Input Capacitance (W) 

C|2 

- 

178 

PF 

1 

Input Capacitance (RAS0-RAS3) 

C|3 

- 

52 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

— 

52 

PF 

1 

I/O Capacitance (DQ0-DQ7, DQ9-DQ16, PQ18-DQ25, DQ27-DQ34) 

C DQ1 

- 

24 

PF 

1 

I/O Capacitance (PQ8, PQ17, PQ26, BQ35) 

C PQ2 

- 

34 

PF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCM36512-70 

MCM36512-80 

MCM36512-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

- 

150 

- 

180 

- 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

40 

- 

45 

- 

55 

- 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

70 

- 

80 

- 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

35 

- 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

- 

35 

- 

40 

- 

50 

ns 

6 

CAS to Output in Low-2 

tCELQX 

tCLZ 

0 

- 

0 

- 

0 

- 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

- 

60 

- 

70 

- 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

- 

20 


25 

- 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

- 

80 

- 

100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 


15 

35 

15 

40 

20 

50 

ns 

12 


NOTES: (continued) 

1 . V|H min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between Vjr and Vj|_. 

2. An initial pause of 200 ns is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|h and Vjl (or between Vjl and Vjr) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) IS used only to indicate cycle time at which proper operation over the full temperature range (0°C < J/\ < 70°C) 

is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 ^iA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
V 0L = 0.8 V. 

7. Assumes that tRCD - tRCD (max). 

8. Assumes that tpQp > tRQD (max). 

9. Assumes that tR^p ^ tRAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tpQQ (max) limit ensures that tRAC (max) can be met. tRQp (max) is specified as a reference point only; if tRCD is greater 
than the specified tRCD (max) limit, then access time is controlled exclusively to tcAC- 

1 2. Operation within the Iraq (max) limit ensures that Iraq (max) can be met. tRAD (max) is specified as a reference point only; if tRAD *s greater 
than the specified tRAp (max), then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM36512-70 

MCM365 12-80 

MCM36512-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

- 

5 

- 

10 

- 

ns 


CAS Precharge Time (Page Mode 

Cyle Only) 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

tASR 

0 

— 

0 

__ 

0 

- 

ns 


Row Address Hold Time 



tRELAX 

tRAH 

10 

— 

10 

- 

15 

- 

ns 


Column Address Setup Time 

tAVCEL 

tASC 

0 

- 

0 

— 

0 

- 

ns 


Column Address Hold Time 

*CELAX 

tCAH 

15 

- 

15 

- 

20 

- 

ns 


Column Address Hold Time 

Referenced to RAS 

tRELAX 

tAR 

55 

— 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

- 

40 

- 

50 

- 

ns 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time 

Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 

Referenced to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 

Referenced to CAS 

tCELWH 

tWCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time 

Referenced to RAS 

tRELWH 

tWCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

tWLWH 

twp 

15 

— 

15 

— 

20 

- 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

20 

- 

25 

- 

ns 


Write Command to CAS Lead Time 

tWLCEH 

tCWL 

20 

- 

20 

- 

25 

- 

ns 


Data in Setup Time 

tDVCEL 

tDS 

0 

- 

0 

- 

0 

- 

ns 

14 

Data in Hold Time 

tCELDX 

tDH 

15 

- 

15 

— 

20 

- 

ns 

14 

Data in Hold Time Referenced to RAS 

tRELDX 

tDHR 

55 

- 

60 

- 

75 

- 

ns 


Refresh Period 

tRVRV 

tRFSH 

- 

8 

- 

8 

- 

8 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

0 

- 

ns 

15 

CAS Setup Time for CAS Before 

RAS Refresh 

tRELCEL 

tCSR 

10 

— 

10 

— 

10 

— 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

tCHR 

30 

— 

30 

— 

30 

— 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

- 

0 

- 

0 

- 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

— 

10 

— 

15 

- 

ns 


Fast Page Mode Cycle Time 

tCELCELP 

tpcp 

45 

- 

45 

— 

55 

- 

ns | 

17 

Output Buffer and Turn-Off Delay 

tCEHQZP 

tOFFP 

0 

1 

25 | 

0 

25 

0 

25 

ns 

10,17 

Access Time from Precharge CAS 

tCEHQVP 

tCPAP 


45 


45 


50 

ns 

6,17 


NOTES: 

1 3. Either tRRH or tRQR must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. tyvcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs - twcs ( min ) » the cycle 
is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not satisifed, 

the condition of the data out (at access time) is indeterminate; 

16. To avoid bus contention and potential damage to the module, RASO and RAS1 may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneously active low. 

17. This parameter applies to parity bits only. 
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RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA IN) 


HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (WRITE) 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inactive 
state (greater than 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 9-bit address fields. A total of eighteen address bits, nine 
rows and nine columns, will d ecode one of the 262,144 word 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = V|i_> tRCD mi nimum ) for all read 
or write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an int ernal RAS sig- 
nal is available. Th is gat e feature on the external CAS clock en- 
ables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

There are t wo other variations in a ddres sing the 256 K x4 
module: RAS only refresh cycle and CAS before RAS re- 
fresh cycle. Both are discussed in separate sections that fol- 
low. 

READ CYCLE 

The DRAM may be read with either a normal random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|r), tRQs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read 
access time of the device is independent of t he ad dress multi- 
plex window. CAS controls read access time: CAS must be ac- 
tive before or at tRQD maximu m to g uarantee valid data out 
(DQ) at tRAC (access time from RAS active transition). If the 
tRQD maxim um is exceeded, read access time is determined 
by the CAS acti ve tra nsition (tQAc)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and *CAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid , but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 
will switch to High Z, tQFF after the inactive transition. 


WRITE CYCLE 

The DRAM may be written by either an early write or a page 
mode early write cycle. Early write mode is discussed here, 
while page mode write operations are covered in another sec- 
tion. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|jJ. Early write mode is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tcAS- and precharge time tRp apply to write mode, as in the 
read mode. _ 

An early write cycle is chara cteriz ed by W active transition at 
minimum time twcs before CAS active transition . Dat a In 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and *C WL> respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 51 2 
column locations on a selected row of the module. Rea d ac- 
cess time in page mode (tQAc) > s typically half the regular RAS 
clock ac cess time, tRAQ- Page mode operation consists of 
keeping RAS active w hile to ggling CAS between V|r an d V||_. 
The row is latched by RAS active transition, while each CAS 
active transition allows selection of a new column location on 
the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sections. Onc e the timing 
requirements for the first cycle are m et, CAS transitions to 
inactive for m inimum tQp, while R AS re mains low (V||_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpc). Either a read or write operation can be 
performed in a page mode cycle, subject to the same 
conditions as in normal operation (previously described). 
These operations can be intermixed in consecutive page mode 
cycles and performed in any order. The maximum number of 
consecutive page mode cycles is lim ited by Irasp- Page 
mode operation is ended when RAS transitions to inactive, 
coincident with or following CAS inactive transition. 
REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge stor- 
age for each bit in the array. This charge degrades with time 
and temperature, thus each bit must be periodically refreshed 
(recharged) to maintain the correct bit state. Bits in the 
MCM36512 require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM36512. Burst refresh, a refresh of 
all 51 2 rows consecutively, must be performed every 8 milli- 
seconds on the MCM36512. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the p articular row d ecode d. Thre e oth- 
er methods of refresh, RAS-only refresh, CAS before RAS 
refresh, and Hidden refresh are available on this device for 
greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|r) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 
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CAS Before RAS Refresh 

CAS befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External 
address lines are ignored during the automatic refresh cycle. 
The output buffer remains at the same state it was in during the 
previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 
test is performed with read and write operations. During this 


test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 51 2 test c ycles , as indi cated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The test c an be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write “0”s into all memory cells (normal write mode). 

2. Select a c olumn addres s, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 512 times. 

3. Select a c olumn addre ss, an d write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1 . Hidden Refresh Cycle 


MCM 

Motorola Memory Prefix 

Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

36512 x xx 



Speed (70 = 70 ns, 80 = 80 ns, 1 0 = 1 00 ns) 
Package (S = SIMM, SG = Gold Pad SIMM) 


Full Part Numbers - MCM3651 2S70 MCM3651 2SG70 
MCM36512S80 MCM36512SG80 
MCM36512S10 MCM36512SG10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


1M x 40 Bit Dynamic Random 
Access Memory Module 

for Error Correction Applications 

The MCM40100S and MCM40L100S are 40M, dynamic random access memory 
(DRAM) modules organized as 1 ,048,576 x 40 bits. The module is a 72-lead 
single-in-line memory module (SIMM) consisting of ten MCM54400AN DRAMs 
housed in 20/26 J-lead small outline packages (SOJ), mounted on a substrate along 
with a 0.22 pF (min) decoupling capacitor mounted under each DRAM. The 
MCM54400AN is a CMOS high speed, dynamic random access memory organized 
as 1 ,048,576 four-bit words and fabricated with CMOS silicon-gate process 
technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM40100= 16 ms (Max) 

MCM40L100 = 128 ms (Max) 

• Consists of Ten 1 M x 4 DRAMs, and Ten 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAc) : 

MCM40100S-70 = 70 ns (Max) 

MCM40100S-80 = 80 ns (Max) 

MCM40100S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM401 00S-70 = 5.50 W (Max) 

MCM40100S-80 = 4.68 W (Max) 

MCM40100S-10 = 4.13 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 110 mW (Max) 

CMOS Levels (MCM40100) = 55 mW (Max) 

(MCM40L100) = 11 mW (Max) 


PIN OUT 


All power supply and ground pins must be 

connected for proper operation of the device. 


Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

1 

Wm 

BE 

A1 







61 


2 


14 

wm 



MM 





1191 

n 

u 



wm 



wm 

El 


mi 


4 



■ 

wm 

wm 



El 

ESI 



wm 

Q 

17 

wmt 

El 

EH 

41 



IQjl 



6 


■a 

El 

£ 

BS1 

■a 





u 

7 



HH 

E 

El 

El 

ig 

jiT^ 



BJjj j 

8 


mi 




El 

u 

El 


El 


■9 


■ 




O 


■ 


WM 

a 

10 

tan 







El 



gg 

11 

NC 







irj 




12 

AO 

El 

Ea 

E 




m 





MCM40100 

MCM40L100 


1 


36 


37 


72 


PIN NAMES | 

A0-A9 

Address Inputs 

DQ0-DQ31 . 

Data Input/Output 

ECC0-ECC7 

. . Error Correction Data I/O 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . . 

Presence Detect 

RAS0, RAS2 

Row Address Strobe 

W 

Read/Write Input 

CD 

. . . Configuration Detection 

v C c 


Vqq 


NC 
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BLOCK DIAGRAM 


CASO- 

RASO- 


CAS1- 


RAS2- 


CAS2- 


CAS3- 


W- 

A0-A9- 

V CC“ 


X 


X 


x 


X 


X 


X 


X 


X 




1/01 

CAS 


1/02 

RAS 


1/03 

OE 

W 

A0-A9 1/04 


X 


X 


CAS 
RAS 
OE w/ 



1/01 

CAS 

1/02 

RAS 

1/03 

OE w 

A0-A9 1/04 



1/01 

CAS 

1/02 

RAS 

1/03 

OE W 

A0-A9 1/04 




1/01 

CAS 


1/02 

RAS 


1/03 

OE 

W 

A0-A9 |/04 


CAS 


1/01 

RAS 


1/02 



1/03 

OE 

W 

A0-A9 1/04 


CAS 

RAQ 

1/01 

1/02 

n 

1/03 

® w 

A0-A9 1/04 




1/01 

CAS 


1/02 

RAS 


1/03 

OE 

W 

A0-A9 1/04 




1/01 

CAS 


1/02 

RAS 


1/03 

OE 

W 

A0-A9 1/04 



1/01 

CAS 

RAS 

1/02 

1/03 

OE w 

A0-A9 |/04 


1/01 
1/02 

_ 1/03 

W A0-A9 |/Q4 


zrr 

-X- 


DQO 

DQ1 

DQ2 

DQ3 

DQ4 

DQ5 

DQ6 

DQ7 

DQ8 

DQ9 

DQ10 

DQ11 

DQ12 

DQ13 

DQ14 

DQ15 

DQ16 

DQ17 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

ECCO 

ECC1 

ECC2 

ECC3 

ECC4 

ECC5 

ECC6 

ECC7 


V SS“ 


0.22 m-F (MIN) 


Presence Detect Pin Out ) 

Pin Name 

70 ns 

80 ns 

100 ns 

PD1 

V SS 

V SS 

v ss 

PD2 

v ss 

v ss 

v ss 

PD3 

v ss 

NC 

V SS 

PD4 

NC 

V SS 

V SS 

CD 

V SS 

V SS 

V SS 


U0-U9 

U0-U9 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to Vqs 
(F or Any Pin Except Vqq) 

3 

O 

> 

C 

> 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

Pd 

7.5 

W 

Operating Temperature Range 

Ta 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°C 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

MCM401 00-70, t R Q = 130 ns 

! CC1 

— 

1000 

mA 

2 


MCM401 00-80, tRQ = 150 ns 


— 

850 




MCM401 00-10, t R Q = 180 ns 


— 

750 



Vqc Power Supply Current (Standby) (RAS = CAS = Vjr) 

>CC2 

- 

20 

mA 


Vqq Power Supply Current 

MCM401 00-70, t R Q = 130 ns 

'CC3 

— 

1000 

mA 

2 

During RAS only Refresh Cycles 

MCM401 00-80, tRQ = 150 ns 


— 

850 




MCM401 00-10, t RC = 180 ns 



750 



Vcc Power Supply Current 

MCM401 00-70, t P Q = 45 ns 

>CC4 

— 

700 

mA 

2,3 

During Fast Page Mode Cycle 

MCM401 00-80, t P Q = 50 ns 


— 

600 




MCM401 00-10, tpQ = 60 ns 


— 

550 



Vqq Power Supply Current (Standby) (RAS 

= CAS = Vqq - 0.2 V) MCM40100 

<CC5 

— 

10 

mA 



MCM40L100 


— 

2 



Vqq Power Supply Current 

MCM401 00-70, t RC = 130 ns 

>CC6 

— 

1000 

mA 

2 

During CAS Before RAS Refresh Cycle 

MCM401 00-80, t R Q = 150 ns 


— 

850 




MCM401 00-10, t R Q = 180 ns 



750 



Vcc Power Supply Current Battery Backup Mode (tRQ _ 1 25us; *RAS = 1 F s : 

CAS = CAS before RAS Cycling or 0.2V; W, DQ, A0-A9 = VCC-0.2V or 0.2V) 

■CC7 



mA 

2,4 


MCM40L100 only 


— 

3.0 



Input Leakage Current (V$s ^ v in ^ V CC) 

'lkg(l) 

-100 

+ 100 

M-A 


Output Leakage Current (CAS at Logic 1 , Vqs ^ V out < Vqq) 

'lkg(O) 

-20 

20 

pA 


Output High Voltage (Iqh = - 5 mA ) 

v OH 

2.4 

- 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

- 

0.4 

V 



NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 
4. Measured with one address transition per page mode cycle. 

3. tR/\s (Max) = 1|xs is only applied to refresh of battery backup. tR/\s (Max) = 10ns is applied to functional operating. 
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CAPACITANCE (f = 1 .0 MHz, T A = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A9) 

Oil 

- 

60 

PF 

1 

Input Capacitance (W) 

C|2 

- 

80 

pF 

1 

Input Capacitance (RAS0, RAS2) 

0|3 

— 

45 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

- 

31 

pF 

1 

I/O Capacitance (DQ0-DQ31 ) 

C DQ1 

- 

17 

PF 

1 

I/O Capacitance (ECC0-ECC7) 

C DQ2 

- 

17 

pF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

40100-70 

40L1 00-70 

40100-80 

40L1 00-80 

40100-10 

40L1 00-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

*RC 

130 

— 

150 

— 

180 


ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

50 

— 

60 

_ 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

70 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

- 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

35 

— 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

40 

— 

45 

— 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

n 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

— 

70 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10k 

80 

10k 

100 

10k 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

200 k 

80 

200 k 

100 

200 k 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 

100 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 

45 

— 

55 

__ 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10k 

20 

10k 

25 

10k 

ns 


RAS to CAS Delay Time 

tRELCEL 


20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

! 

5 

— 

10 

.. 

ns 


CAS Precharge Time 

‘CEHCEL 

tCP 

10 

— 

10 

— 

10 


ns 



NOTES: (continued) 

1 . V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V|[_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. Thetransition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals musttransi- 
tion between V|h and V||_ (or between V||_ and V||_j) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tpjQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T a < 70°C) 
is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tRQp < tRQQ (max). 

8. Assumes that tpQp > tpQp (max). 

9. Assumes that to ad - *RAD (max)- 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRCD (max) limit ensures that tRAC (max) can be met. tRQp (max) is specified as a reference point only; if tRQp < s 
greater than the specified tRQp (max) limit, then access time is controlled exclusively by tQAC- 

1 2. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAp (max) is specified as a reference point only; if tRAp is greater 
than the specified tRAp (max) limit, then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 





40100-70 

40100-80 

40100-10 




Symbol 

40L1 00-70 

40L1 00-80 

40L1 00-10 



Parameter 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Row Address Setup Time 

UVREL 

*ASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

*RAH 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

UVCEL 

Use 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 


*CAH 

15 

— 

15 

— 

20 

— 

ns 


Column Address to RAS Lead Time 

ins 


35 

— 

40 

— 

50 

— 

ns 


Read Command Setup Time 

EBBSI 

BSSii 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 

Referenced to CAS 

tCEHWX 

*RCH 

0 

— 


— 

0 

— 

ns 

13 

Read Command Hold Time 

Referenced to RAS 

iREHWX 

tRRH 

0 

a 


— 

0 

— 

ns 

13 

Write Command Hold Time 

Referenced to CAS 

*CELWH 

tWCH 

15 

— 


— 


— 



Write Command Pulse Width 

tyVLWH 

twp 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

20 

— 

25 

— 

ns 


Write Command to CAS Lead Time 

tWLCEH 

tCWL 

20 

— 

20 

— 

25 

— 

ns 


Data in Setup Time 

tDVCEL 

*DS 

0 

— 

0 

— 

0 

— 

ns 

14 

Data in Hold Time 

*CELDX 

*DH 

15 

— 

15 

— 

20 

— 

ns 

14 

Refresh Period MCM40100 

tRVRV 

tRFSH 

_ 

16 

— 

16 

— 

16 

ms 


MCM40L100 

— 

128 


128 

— 

128 



Write Command Setup Time 

tWLCEL 

twes 

0 

— 

0 

— 

0 

— 

ns 

15 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

*CSR 

5 

— 

5 

— 

5 

— 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

20 

— 

ns 


RAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS Before 

*CEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


RAS Counter Time 











Write to RAS Precharge Time (CAS 
Before RAS Refresh) 

*WHREL 

tWRP 

10 

— 

10 

- . I 

10 

— 

ns 


Write to RAS Hold Time (CAS Before 
RAS Refresh) 

tRELWL 

tWRH 

10 

— 

10 

1 

10 

— 

ns 



NOTES: 

1 3. Either tpRH or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write cycles. 

1 5. tyvcs ' s not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyycS - tyVCS ( min )> tbe 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle.. If this condition is 
not satisfied, the condition of the data out (at access time) is indeterminate. 
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RAS 


3 


CAS 


ADDRESSES 


W 


DQ 


RAS 


CAS 


ADDRESSES 


W 


DQ 


READ CYCLE 



EARLY WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE EARLY WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 




HIDDEN REFRESH CYCLE (EARLY WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inactive 
state (greater than 1 6 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will de code one of the 1 ,048,576 word 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = V||_» tRCD mi nimum ) for all read 
or write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. _____ 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQp minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

Th ere are three other va riatio ns in ad dress ing the module: 
RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 

READ CYCLE 

The DRAM may be read with either a “normal” random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V||_i), tRQs (minimum) before the CAS active transition, to en- 
able read mode . __ 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The in- 
ternal clocks are linked in such a manner that the read access 
time of the device is independent of th e add ress multiplex win- 
dow. CAS controls read access time: CAS must be active be- 
fore or at tRQD maximu m to gu arantee valid data out (DQ) at 
tRAC (access time from RAS active transition). If the tRQD 
maxi mum is exceeded, read access time is determined by the 
CAS c lock a ctiv e tran sition (tQAc). 

The RAS and CAS clocks must remain active for a minimum 
time ofjRAS and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid , but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 


will switch to High Z (three-state) tQFF after the inactive transi- 
tion. 

WRITE CYCLE 

The user can write to the DRAM with either an early write or a 
page mode early write cycle. Early write mode is discussed 
here, while page mode write operations are covered in a sepa- 
rate section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|l). Early write mode is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tCAS- and precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyvcs befor e CAS active transition . Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and tQwi_, respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1 024 column locations on a selected row of the module. Read 
acce ss time in page mode (tQAc) > s typically half the^regular 
RAS clock acces s time, tRAC- Page mode operation consists 
of keeping RAS active whil e tog gling CAS between V||_| and 
V|[_- The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column location 
on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cy cle ar e met, CAS transitions to inacti ve for 
minimum tQp, while R AS re mains low (V|[_). The second CAS 
active transition while RAS is low initiates the first page mode 
cycle (tpo). Either a read or write operation can be performed 
in a page mode cycle, subject to the same conditions as in nor- 
mal operation (previously described). These operations can 
be intermixed in consecutive page mode cycles and performed 
in any order. The maximum number of consecutive page mode 
cycle s is li mited by tRASP- Page mode operation is ended 
when RAS transitions to inactive, coincident with or following 
CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge stor- 
age for each bit in the array. This charge will tend to degrade 
with time and temperature. Each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in the 
MCM40100 require refresh every 16 milliseconds, while re- 
fresh time for the MCM40L100 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM401 00, and 1 24.8 microseconds for 
the MCM40L1 00. Burst refresh, a refresh of all 1 024 rows con- 
secutively, must be performed every 16 milliseconds on the 
MCM40100 and 128 milliseconds on the MCM40L100. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the p articular row d ecode d. Thre e oth- 
er methods of refresh, RAS-only refresh, CAS before RAS 
refresh, and hidden refresh are available on this device for 
greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V||_j) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed . External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the pre- 
vious cycle (hidden refresh). Wmu st be inactive for time ty\/Rp 
before and time tyvRH after RAS active transition to prevent 
switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh . This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1). W is subject to the same conditions 
with respec t to R AS ac tive t ransition (to prevent test mode 
cycle) as in CAS before RAS refresh. 


CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 
test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1024 test cy cles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test c an be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1. Write "0”s into all memory cells (normal write mode). 

2. Select a co lumn addres s, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a c olumn addre ss, an d write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1 024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1. Hidden Refresh Cycle 


Motorola Memory Prefix- 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 40100 or 40L100 x 


Full Part Numbers - MCM40100S70 
MCM40100S80 
MCM40100S10 
MCM40L100S70 
MCM40L100S80 
MCM40L100S10 



Speed (70 = 70ns, 80 = 80ns, 10 = 100ns) 


Package (S = SIMM, SG = Gold Pad SIMM) 

MCM40100SG70 
MCM40100SG80 
MCM40100SG10 
MCM40L1 00SG70 
MCM40L1 00SG80 
MCM40L100SG10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


2M x 40 Bit Dynamic Random Access 
Memory Module 

for Error Correction Applications 

The MCM40200S and MCM40L200S are 80M, dynamic random access 
memory (DRAM) modules organized as 2,097,152 x 40 bits. The module is a 
double-sided 72-lead single-in-line memory module (SIMM) consisting of 
twenty MCM54400AN DRAMs housed in 20/26 J-lead small outline packages 
(SOJ), mounted on a substrate along with a 0.22 (iF (min) decoupling capacitor 
mounted under each DRAM. The MCM54400AN is a CMOS high speed, 
dynamic random access memory organized as 1 ,048,576 four-bit words and 
fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM40200 = 16 ms (Max) 

MCM40L200 = 128 ms (Max) 

• Consists of Twenty 1 M x 4 DRAMs, and Twenty 0.22 p.F (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : MCM40200S-70 = 70 ns (Max) 

MCM40200S-80 = 80 ns (Max) 

MCM40200S-10 = 100 ns (Max) 

• Low Active Power Dissipation: MCM40200S-70 = 5.61 W (Max) 

MCM40200S-80 = 4.79 W (Max) 

MCM40200S-10 = 4.24 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 220 mW (Max) 

CMOS Levels (MCM40200) = 110 mW (Max) 

(MCM40L200) = 22 mW (Max) 


PIN OUT 


Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

1 

V SS 

13 

A1 

25 

DQ22 

37 

ECC3 

49 

DQ8 

61 

DQ13 

2 

DQO 

14 

A2 

26 

DQ7 

38 

ECC4 

50 

DQ24 

62 

DQ20 

3 

DQ16 

15 

A3 

27 

DQ23 

39 

V SS 

51 

DQ9 

63 

DQ14 

4 

DQ1 

16 

A4 

28 

A7 

40 

CASO 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

ECCO 

41 

CAS2 

53 

DQ10 

65 

DQ15 

6 

99 

18 

Q 


EiH 



mm 

939 


ECC6 

7 

921 

mm 



IB 


|^| 

9 

m 


PD1 

8 

99 


9 

m 

99 

44 

9m 

m 


H9 

PD2 

9 

EjjSl 

mm 

9 

9 


■a 


mm 


mm 

PD3 

10 

9 

J|p9 

HlH 

34 

99 

mm 

199 

Bl 


mm 

PD4 

m 

mm 

Q 

IBM 

35 

ECC1 

47 

w 

59 

V CC 

71 

ECC7 

mm 

mm 

24 

DQ6 

36 

ECC2 

48 

CD 

60 

DQ29 

72 

V SS 


MCM40200 

MCM40L200 



PIN NAMES | 

A0-A9 

Address Inputs 

DQ0-DQ31 . 

Data Input/Output 

ECC0-ECC7 

. . Error Correction Data I/O 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . . 

Presence Detect 

RAS0-RAS2 

Row Address Strobe 

W 

Read/Write Input 

CD 

. . . Configuration Detection 

v cc 

Power (+ 5 V) 

v S s 

Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
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2M x 40 BLOCK DIAGRAM 



MOTOROLA MEMORY DATA 


3-136 

























MCM40200* MCM40L200 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V| L 

-1.0 

- 

0.8 

V 

1 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to V$s 
(For Any Pin Except Vqq) 

< 

z> 

< 

o 

c 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

Pd 

7.65 

W 

Operating Temperature Range 

Ta 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°c 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

MCM40200-70, t RC = 130 ns 

•cci 

— 

1020 

mA 

2 


MCM40200-80, t RC = 150 ns 


— 

870 




MCM40200-10, t R Q = 180 ns 


— 

770 



Vcc Power Supply Current (Standby) (RAS = 

CAS = V| H ) 

•CC2 

- 

40 

mA 


Vcc Power Supply Current 

MCM40200-70, t RC = 130 ns 

•CC3 

— 

1020 

mA 

2 

During RAS only Refresh Cycles 

MCM40200-80, t RC = 150 ns 

— 

870 




MCM40200-10, tRQ = 180 ns 


— 

770 



Vcc Power Supply Current 

MCM40200-70, t PC = 45 ns 

•CC4 

— 

720 

mA 

2,3 

During Fast Page Mode Cycle 

MCM40200-80, t P Q = 50 ns 


— 

620 




MCM40200-1 0, t P Q = 60 ns 


— 

570 



Vcc Power Supply Current (Standby) (RAS 

= CAS = Vqq - 0.2 V) MCM40200 

•CC5 

_ 

20 

mA 



MCM40L200 


— 

4 



Vqc Power Supply Current 

MCM40200-70, t RC = 130 ns 

•CC6 

— 

1020 

mA 

2 

During CAS Before RAS Refresh Cycle 

MCM40200-80, t RC = 150 ns 


— 

870 




MCM40200-1 0, t R Q = 180 ns 


— 

770 



Vqc Power Supply Current Battery Backup Mode (tRC _ 125HS; tRAS = iM-s; 

CAS = CAS before RAS Cycling or 0.2V; W, DQ, A0-A9 = VCC-0.2V or 0.2V) 

•CC7 



mA 

2,4 


MCM40L200 only 


— 

6.0 



Input Leakage Current (V$s ^ Vj n < Vqq) 

'lkg(l) 

-200 

200 

pA 


Output Leakage Current (CAS at Logic 1 , V$s £ V 0U f < Vqq) 

'lkg(O) 

-20 

20 

pA 


Output High Voltage (Iqh = - 5 mA) 

v OH 

2.4 

- 

V 


Output Low Voltage (Iql = 4.2 mA) 

V 0 L 


0.4 

V 



NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. tRAS (Max) = 1 jxs is only applied to refresh of battery backup. tRAS (Max) = lOps is applied to functional operating. 
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RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A9) 

o M 

— 

110 

PF 

1 

Input Capacitance (W) 

C|2 

- 

150 

PF 

1 

Input Capacitance (RAS0-RAS2) 

C I3 

— 

45 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

— 

45 

PF 

1 

I/O Capacitance (DQ0-DQ31) 

C DQ1 

— 

24 

PF 

1 

I/O Capacitance (ECC0-ECC7) 

C DQ2 

- 

24 

PF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1,2,3, and 4) 


Parameter 

Symbol 

40200-70 

40L200-70 

40200-80 

40L200-80 

40200-10 

40L200-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

— 

150 

— 

180 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

50 

— 

60 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

70 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

*CAC 

— 

20 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

35 

— 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

40 

— 

45 

— 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

— 

70 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10k 

80 

10k 

100 

10k 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

200 k 

80 

200 k 

100 

200 k 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

25 

__ 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 

100 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 

45 

— 

55 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10k 

20 

10k 

25 

10k 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

10 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

ns 



NOTES: (continued) 

1 . V||_| min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|j_| and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must transi- 
tion between Vm and V|(_ (or between V|j_ and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T^ < 70°C) 
is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 v 
and Vql = 0.8 V. 

7. Assumes that tpcD - tRCD (max). 

8. Assumes that tpQQ > tpQD (max). 

9. Assumes that tp/\D - *RAD (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tpcD (max) limit ensures that tRy\c (max) can be met. tpQD (max) is specified as a reference point only; if tRCD is 
greater than the specified tpcD (max) limit, then access time is controlled exclusively by tQ/^Q. 

1 2. Operation within the tR/\o (max) limit ensures that Iraq (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is greater 
than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 





40100-70 

40100-80 

40100-10 




Symbol 

40L1 00-70 

40L1 00-80 

40L1 00-10 



Parameter 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Row Address Setup Time 

*AVREL 

*ASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

*RAH 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

tAVCEL 

tASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

*CAH 

15 

— 

15 

— 

20 

— 

ns 


Column Address to RAS Lead Time 

*AVREH 

*RAL 


— 


— 


— 

m 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

— 

0 

— 

9 


Read Command Hold Time 

Referenced to CAS 

tCEHWX 

tRCH 

0 

— 


■ 


H 



Read Command Hold Time 

Referenced to RAS 

tREHWX 

tRRH 

0 

— 

■ 

■ 

I 

H 

ns 

13 

Write Command Hold Time 

Referenced to CAS 

tCELWH 

tWCH 

15 

m 

H 

— 


— 

ns 


Write Command Pulse Width 

*WLWH 

twp 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

20 

— 


— 

ns 



tWLCEH 

tCWL 

20 

— 


— 

25 

— 

U§|| 


Data in Setup Time 

*DVCEL 

tDS 

0 

— 

0 

— 

0 

— 

UlS 

14 

Data in Hold Time 


tDH 

mm 

— 

15 

— 

mi 

— 


14 

Refresh Period MCM40200 

tRVRV 

tRFSH 

— 

16 

— 


— 


■ 


MCM40L200 

— 

128 

— 


— 


1 





0 

— 

0 


0 



15 

CAS Setup Time for CAS Before RAS 

tRELCEL 

tCSR 

5 

— 




■ 


■ 

Refresh 






■ ■ 



■ 

■ 

CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

tCHR 

15 

— 


— 


— 

1 


RAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

_ 

0 

— 

H9 


CAS Precharge Time for CAS Before 

tCEHCEL 

tCPT 

40 

■HH 


— 


— 



RAS Counter Time 











Write to RAS Precharge Time (CAS 
Before RAS Refresh) 

tWHREL 

tWRP 

10 

— 


— 

10 

— 

ns 


Write to RAS Hold Time (CAS Before 
RAS Refresh) 

tRELWL 

tWRH 

10 

— 

10 

— 

10 

— 

ns 



NOTES: 

1 3. Either tRRH or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles and to W leading edge in late write cycles. 

1 5. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs - *WCS ( min ), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle.. If this condition is 
not satisfied, the condition of the data out (at access time) is indete rmin ate. 

16. To avo id bus contention and potential damage to the module, RASO and RAS1 may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneouslyactive low. 
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RAS 


3 


CAS 


ADDRESSES 


W 


DQ 


RAS 


CAS 


ADDRESSES 


W 


DQ 


READ CYCLE 



EARLY WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 




FAST PAGE MODE EARLY WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (EARLY WRITE) 



MOTOROLA MEMORY DATA 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inactive 
state (greater than 16 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 0-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will de code one of the 1 ,048,576 word 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = V|L> tRCD mi nimum ) for all read 
or write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines Irqd minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

There are three other va riatio ns in ad dress ing the module: 

RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 

READ CYCLE 

The DRAM may be read with either a “normal” random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|r), tRQ$ (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The in- 
ternal clocks are linked in such a manner that the read access 
time of the device is independent of th e add ress multiplex win- 
dow. CAS controls read access time: CAS must be active be- 
fore or at tRCD maximum to gu arantee valid data out (DQ) at 
tRAC (access time from RAS active transition). If the tRCD 
maxi mum is exceeded, read access time is determined by the 
CAS c lock a ctiv e tran sition (tcAC)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRH or tRCH after RA $ or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid , but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 


will switch to High Z (three-state) tQFF after the inactive transi- 
tion. 

WRITE CYCLE 

The user can write to the D RAM with either an early write or a 
page mode early write cycle. Early write mode is discussed 
here, while page mode write operations are covered in a sepa- 
rate section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|jJ. Early write mode is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tCAS- and precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyvcs before CAS active transition . Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and tc WL> respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1 024 column locations on a selected row of the module. Read 
acce ss time in page mode (tcAC) ' s typically half the regular 
RAS clock acces s time, tRAC- Ra 9 e mode operation consists 
of keeping RAS active whil e tog gling CAS between V|r and 
V|i_. The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column location 
on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior secti ons. Once the timing require- 
ments for the first cy cle ar e met, CAS transitions to inacti ve for 
minimum tQp, while R AS re mains low (V|j_). The second CAS 
active transition while RAS is low initiates the first page mode 
cycle (tpQ). Either a read or write operation can be performed 
in a page mode cycle, subject to the same conditions as in nor- 
mal operation (previously described). These operations can 
be intermixed in consecutive page mode cycles and performed 
in any order. The maximum number of consecutive page mode 
cycle s is li mited by tRASP- Page mode operation is ended 
when RAS transitions to inactive, coincident with or following 
CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge stor- 
age for each bit in the array. This charge will tend to degrade 
with time and temperature. Each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in the 
MCM40200 require refresh every 16 milliseconds, while re- 
fresh time for the MCM40L200 is 1 28 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM40200, and 1 24.8 microseconds for 
the MCM40L200. Burst refresh, a refresh of all 1 024 rows con- 
secutively, must be performed every 1 6 milliseconds on the 
MCM40200 and 128 milliseconds on the MCM40L200. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the p articular row d ecode d. Thre e oth- 
er methods of refresh, RAS-only refresh, CAS before RAS 
refresh, and hidden refresh are available on this device for 
greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the pre- 
vious cycle (hidden refresh). Wmu st be inactive for time twpp 
before and time tyvRH a ^ er RAS active transition to prevent 
switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tpp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1). W is subject to the same conditions 
with respec t to R AS ac tive t ransition (to prevent test mode 
cycle) as in CAS before RAS refresh. 


CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 
test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 1024 test cy cles, as indi- 
cated by the check data written in each row. See CAS before 
RAS refresh counter test cycle timing diagram. 

The test c an be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1. Write “0”s into all memory cells (normal write mode). 

2. Select a c olumn addres s, and read “0" out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1024 times. 

3. Select a c olumn addre ss, an d write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1 . Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix- 
Part Number 


MCM 40200 or 40L200 


xx 


• Speed (70 = 70ns, 80 = 80ns, 10 = 100ns) 
Package (S = SIMM, SG = Gold Pad SIMM) 


Full Part Numbers - MCM40200S70 
MCM40200S80 
MCM40200S10 


MCM40200SG70 

MCM40200SG80 

MCM40200SG10 


MCM40L200S70 

MCM40L200S80 

MCM40L200S10 


MCM40L200SG70 
MCM40L200SG80 
MCM40L200SG1 0 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


256K x 40 Bit Dynamic Random Access 
Memory Module 

for Error Correction Applications 

The MCM40256S and MCM40L256S are 10M, dynamic random access memory 
(DRAM) modules organized as 262,144 x 40 bits. The module is a 72-lead 
single-in-line memory module (SIMM) consisting of ten MCM514256A DRAMs 
housed in 20/26 J-lead small outline packages (SOJ), mounted on a substrate along 
with a 0.22 pF (min) decoupling capacitor mounted under each DRAM. The 
MCM514256A is a 1 .0 p CMOS high speed, dynamic random access memory 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate process 
technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL- Compatible Inputs and Outputs 

• RAS Only R efres h 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM40256 = 8 ms (Max) 

MCM40L256 = 64 ms (Max) 

• Consists of Ten 256K x 4 DRAMs, and Ten 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAc)-' MCM40256S-70 = 70 ns (Max) 

MCM40256S-80 = 80 ns (Max 
MCM40256S-1 0 = 100 ns (Max) 

• Low Active Power Dissipation: MCM40256S-70 = 4.40 W (Max) 

MCM40256S-80 = 3.85 W (Max) 
MCM40200S-10 = 3.30 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 110 mW (Max) 

CMOS Levels (MCM40256) = 55 mW (Max) 

(MCM40L256) = 11 mW (Max) 


MCM40256 

MCM40L256 



PIN OUT 


Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

1 

V SS 

13 

A1 

25 

DQ22 

37 

ECC3 

49 

DQ8 

61 

DQ13 

2 

DQO 

14 

A2 

26 

DQ7 

38 

ECC4 

50 

DQ24 

62 

DQ20 

3 

DQ16 

15 

A3 

27 

DQ23 

39 

V SS 

51 

DQ9 

63 

DQ14 

4 

DQ1 

16 

A4 

28 

A7 

40 

CASO 

52 

DQ25 

64 

DQ31 

5 

DQ17 

17 

A5 

29 

ECCO 

41 

CAS2 

53 

DQ10 

65 

DQ15 

6 


18 

A6 

30 

< 

o 

o 

O 


54 


66 


7 

DQ18 

19 

NC 

31 

A8 

43 

CAS1 

55 

DQ11 

67 

122 | 

mm 



|&1 

EUi 

mm 

El 


El 


■a 


Hi 


El 


mm 


mm 




El 

HU 




HJ23I 

El 


wm 


E 

mm 

El 

Bl 



Uml 

uh 

Efl 


mm 


£ 


mm 

B3I 



El 

ESI 

E 


El 


[(TUI 


wm 

IBM 


PIN NAMES | 

A0-A8 

Address Inputs 

DQ0-DQ31 . 

Data Input/Output 

ECC0-ECC7 

. . Error Correction Data I/O 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . . 

Presence Detect 

RAS0, RAS2 

Row Address Strobe 

W 

Read/Write Input 

CD 

. . . Configuration Detection 

vcc 

Power (+ 5 V) 

Vcc 

Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high-impedance circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 



Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 


121 

5.0 

5.5 

V 

1 


0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to Vgg 
(For Any Pin Except Vqq) 

V in . V ou t 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

lout 

50 

mA 

Power Dissipation 

Pd 

6.0 

W 

Operating Temperature Range 

Ta 

0 to + 70 

°C 

Storage Temperature Range 

Ills 

-25 to + 125 

°C 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

MCM40256-70, tRc = 130 ns 

•cci 

— 

800 

mA 

2 


MCM40256-80, t R c = 150 ns 


— 

700 




MCM40256-10,t R c = 180 ns 


— 

600 



Vqc Power Supply Current (Standby) (RAS 

CAS = V jH ) 

'CC2 

— 

20 

mA 


Vcc Power Supply Current 

MCM40256-70, tRc = 130 ns 

'CC3 



mA 

2 

During RAS only Refresh Cycles 

MCM40256-80,t RC = 150 ns 


— 

800 




MCM40256-10,t R c = 180 ns 


— 

700 






— 

600 



Vcc Power Supply Current 

MCM40256-70, tpc = 40 ns 

•CC4 

— 

600 

mA 

2,3 

During Fast Page Mode Cycle 

MCM40256-80, tpc = 45 ns 


— 

500 




MCM40256-10,tpc = 55 ns 


— 

400 



Vcc Power Supply Current (Standby) (RAS 

= CAS = V C c - 0.2 V) MCM40256 

! CC5 

— 

10 

mA 



MCM40L256 


— 

2 



Vcc Power Supply Current 

MCM40256-70,t R c = 130 ns 

'CC6 

— 

800 

mA 

2 

During CAS Before RAS Refresh Cycle 

MCM40256-80, t RC = 150 ns 


— 

700 




MCM40256-10,t R c = 180 ns 


— 

600 



Vcc Power Supply Current Battery Backup Mode (tRc = 1 254 s; CAS = CAS | 

'CC7 



mA 

■ ■ 

before RAS Cycling or 0.2V; W, DQ, A0-A8 

= VCC-0.2V or 0.2V) t RAS = Ips 





■ 


MCM40L256 only 


— 

3.0 



Input Leakage Current (Vqq ^ Vj n < Vcc) 

'lkg(l) 

-100 

100 

pA 


Output Leakage Current (CAS at Logic 1 , V§s ^ V out < Vqq) 

'lkg(O) 

-10 

+ 10 

pA 


Output High Voltage (Iqh = - 5 mA ) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

Vql 

- 

0.4 

V 



NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 
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CAPACITANCE (f = 1 .0 MHz, = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A8) 

C|i 

- 

60 

pF 

1 

Input Capacitance (W) 

C|2 

- 

80 

PF 

1 

Input Capacitance (RAS0, RAS2) 

C I3 

- 

45 

pF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

- 

31 

PF 

1 

I/O Capacitance (DQ0-DQ31 ) 

C DQ1 

- 

17 

PF 

1 

I/O Capacitance (ECC0-ECC7) 

C DQ2 

- 

17 

PF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM40256-70 

MCM40256-80 

MCM40256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

— 

150 

- 

180 

- 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

40 

- 

45 

- 

55 

- 

ns 


Access Time from RAS 

tRELQV 

*RAC 

- 

70 

- 

80 

- 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

- 

20 

- 

20 

- 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

- 

35 

- 

40 

- 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

- 

35 

- 

40 

- 

50 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

- 

0 

- 

0 

- 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

n 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

— 

70 

- 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

- 

20 

- 

25 

- 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

- 

100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 


(continued) 

NOTES: 

1 . V|h min and V|i_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V||_. 

2. An initial pause of 200 |is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and V||_ (or between V||_ and V||-|) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T^ < 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
Vql = 0.8 V. 

7. Assumes that tRQQ < tpcp (max). 

8. Assumes that tRQp > tRQp (max). 

9. Assumes that tR/\Q > tR/\D (max). 

1 0. tQpp (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQQ (max) limit ensures that tRAC ( max ) can be met. Irqd (max) is specified as a reference point only; if tRQQ is 

greater than the specified tRQD (max) limit, then access time is controlled exclusively by tQAC- 

1 2. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max), then access time is controlled exclusively by tAA- 


MOTOROLA MEMORY DATA 


3-150 





MCM40256»MCM40L256 


READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM40256-70 

MCM40256-80 

MCM40256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

*CRP 

5 

- 

5 

- 

10 

- 

ns 


CAS Precharge Time (Page Mode 
Cyle Only) 



10 

— 

10 

— 

10 

— 

■ 


Row Address Setup Time 


■ 

0 

— 

0 

- 

0 

- 

■ 


Row Address Hold Time 




— 

MM 

— 


- 

■ 


Column Address Setup Time 

tAVCEL 

■Bl 

0 

— 

MM 

— 

0 

- 



Column Address Hold Time 

l CELAX 

■SB 

■ m 

- 

15 

- 

20 

- 

ns 


Column Address Hold Time 
Referenced to RAS 

tRELAX 

mi 

■1 

— 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

*AVREH 

■SB 

K9I 

- 

40 

- 

50 

- 

ns 


Read Command Setup Time 

*WHCEL 



— 

0 

- 

0 

— 

ns 


Read Command Hold Time 
Referenced to CAS 

tCEHWX 


0 

— 

0 

— 

0 

— 



Read Command Hold Time 
Referenced to RAS 

tREHWX 


0 

— 

0 

— 

0 

— 

■ 

1 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

tWCH 

15 

— 


— 


— 

| 

■ 

Write Command Hold Time 
Referenced to RAS 

tRELWH 

*WCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

*WLWH 

tWP 

15 


15 

— 

20 

- 

ns 


Write Command to RAS Lead Time 

tWLREH 

*RWL 

20 

. .. .. 1 

20 

— 

25 

- 

ns 


Write Command to CAS Lead Time 

tyVLCEH 

*CWL 

20 


20 

- 

25 

- 

ns 


Data in Setup Time 

tDVCEL 

*DS 

0 

— 

0 

- 

0 

- 

ns 

14 

Data in Hold Time 

tCELDX 

*DH 

15 

- 

15 

- 

20 

- 

ns 

14 

Data in Hold Time Referenced to 

RAS 

tRELDX 

tDHR 

55 

— 

60 

— 

75 

— 

ns 


Refresh Period MCM40256 

MCM40L256 

tRVRV 

tRFSH 


8 

64 

— 

8 

64 

— 

8 

64 

ms 


Write Command Setup Time 

*WLCEL 

twcs 

0 



0 

- 

0 

- 

ns 

15 

CAS Setup Time for CAS Before 

RAS Refresh 

tRELCEL 

*CSR 

10 


10 

— 

10 

— 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

*CHR 

30 

1 

30 

•• — 

30 

— 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

..... ... . J 

0 

- 

0 

- 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 

tCPT 

40 


40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

- 

10 

- 

15 

- 

ns 



NOTES: 

1 3. Either tRRH or tRQj-| must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. twos is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs - l WCS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisifed, the condition of the data out (at access time) is indeterminate. 
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RAS 


3 


CAS 


ADDRESSES 


W 


DQ 

(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA IN) 


READ CYCLE 



V|H 

V|L 

V|H 

V|L 

V|H 

V(L 

V| H 

V|L 

V|H 

V|L 


'CRP' 


'ASR 


EARLY WRITE CYCLE 

tRC 


" 'RAS " 


r 'RP ► 

— \ 


'CSH“ 


' 'RCD “ 


’ Q. / 


" 'RAD' 
'ASC' 


tAR“ 




'RAH' 


'WCS: 

XXXXXXXXXX)T 


'rsh~ 

'CAS“ 




\mm 

S3 

■M 

iHi 



COLUMN 

ADDRESS 


H 


m 



'CPN 

JCRP 


7 


V 


XXXXXXXX 


'DS 


'WCR' 





'CWL 
'WCH' 
t W p — 


'RWL ' 


VALID DATA 


'DHR “ 


xxxxxxxxxxxxxxx 


'DH 


xxxxxxxxxxxxxxxxx 
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FAST PAGE MODE READ CYCLE 
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RAS 


3 


CAS 

ADDRESSES 

READ CYCLE 

DQ 

(DATA OUT) 

W 

WRITE CYCLE 

W 

DQ 

(DATA IN) 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec- 
onds with device powered up), the wakeup sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address bus pins on the device are time multi- 
plexed with two separate 9-bit address fields that are strobed 
at the beginning of the memory cycle by tw o clocks (active neg- 
ative) called t he row address strobe (RAS) and the column ad- 
dress strobe (CAS). A total of eighteen address bits will decode 
one of the 262,144 word locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called tpQp, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, o ther v ariations in ad dress ing the 
modu le: the refresh modes (RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows the user to column access all words within 
a selected row. The refresh mode and page mode operations 
are described in more detail in later sections. 


READ CYCLE 

A read cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memo ry read cycle begins with the row addresses valid 
and t he RAS clock transitioning from V|r to the Vj|_ level. The 
CAS clock must also make a transition f rom V | r to the V 1 1 _ level 
at the specified tRCP timin g li mits wh en the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent o f the a ddress multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tRp p ma ximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAc)- If the tR CD m aximum condition is not met, the access 
(tcAC) from the CAS clock activ e transition will determine read 
acc ess ti me. The external CAS signal is ignored until an i nter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tRpp minimum specification. The 
time difference between tRpp minimum and tRpp maximum 
can be used to absorb skew delays in switching the address 
bus f rom the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become acti ve, th ey must stay active 
for the minimum (tR/\s) peri od fo r the RAS cl ock a nd the mini- 
mum (tpAs) period for the CAS clock. The RAS clock must 


stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next a ctive c ycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive ; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V|r level from the time the CAS 
clock makes its active transition (tRps) to the time when it tran- 
sitions into the inactive (tRon) mode. 

WRITE CYCLE 

_A write cycle is similar to a read cycle except th at the write 
(W) clock must go active (V|[_ level) at or before the CAS clock 
goes active at a minimum tyycs time . lf the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and th e data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tpwL) and the row 
strobe to write lea d tim e (tRWL)- These define the minimum 
time that RAS and CAS_clocks need to be active after the write 
operation has started (W clock at V||_ level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera- 
tions at all 512 column locations on a sele cted row. Page ac- 
cess (tQAc) is typically half the regular RAS clock access 
(tRAc) on the Motorola 1 M dyna mic RAM. Page mode opera- 
tion c onsists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is alway s initia ted with a row address being 
provided and latch ed by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cy cle, th at has been previ ously 
described, followed by the short er CA S cycles (tpc). The CAS 
cycl e time (tpQ) consists of the CAS clock active time (tcAS)> 
and CAS clock precharge time (tcp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen- 
tially cycling through the 51 2 row address locations every 8 mil- 
liseconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 

RAS-only cycle on 512 row addresses e very 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V|r level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tcgR)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will s tay in the high-impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
wil l be m aintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata a t the output pin. Hi dden 
refresh is performed by holding CAS at V|[_ and taking RAS 
high and aft er a sp ecified precharge period (tpp), executing a 
CAS before RAS refresh cycle. (See Figure 1 .) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 

a CAS before RAS refresh counter test. This refresh counter 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 51 2 test cycles, as indicated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write “0”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 51 2 times. 

3. Select a column address, and write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 512 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 



^ MEMORY 

CYCLE 

^ REFRESH ^ 

CYCLE 

^ REFRESH w 

CYCLE 
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“\ 

r 





/ 
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\_ 
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r 






Figure 1 . Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 40256 or 40L256 x 


Motorola Memory Prefix- 



Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 


Part Number 


Package (S = SIMM, SG = Gold Pad SIMM) 


Full Part Numbers - MCM40256S70 
MCM40256S80 
MCM40256S10 


MCM40256SG70 

MCM40256SG80 

MCM40256SG10 


MCM40L256S70 MCM40L256SG70 

MCM40L256S80 MCM40L256SG80 

MCM40L256S10 MCM40L256SG10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


51 2K x 40 Bit Dynamic Random Access 
Memory Module 

for Error Correction Applications 

The MCM40512S and MCM40L512S are 20M, dynamic random access 
memory (DRAM) modules organized as 524,288 x 40 bits. The module is a 
double-sided 72-lead single-in-line memory module (SIMM) consisting of 
twenty MCM514256A DRAMs housed in 20/26 J-lead small outline packages 
(SOJ), mounted on a substrate along with a 0.22 pF (min) decoupling capacitor 
mounted under each DRAM. The MCM514256A is a 1 .Op CMOS high speed, 
dynamic random access memory organized as 262,144 four-bit words and 
fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM40512 = 8 ms (Max) 

MCM40L512 = 164 ms (Max) 

• Consists of Twenty 256K x 4 DRAMs, and Twenty 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : MCM40512S-70 = 70 ns (Max) 

MCM40512S-80 = 80 ns (Max) 

MCM40512S-10 = 100 ns (Max) 

• Low Active Power Dissipation: MCM40512S-70 = 4.51 W (Max) 

MCM40512S-80 = 3.96 W (Max) 

MCM40512S-10 = 3.41 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 220 mW (Max) 

CMOS Levels (MCM40512) * 110 mW (Max) 

(MCM40L512) = 22 mW (Max) 


MCM4051 2 
MCM40L512 



PIN OUT 


Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

Pin 

Name 

1 

V SS 

13 

A1 

25 

DQ22 

37 

ECC3 

49 

DQ8 

61 

DQ13 

2 

DQO 

14 

A2 

26 

DQ7 

38 

ECC4 

50 

DQ24 

62 

DQ20 

3 


15 

A3 

MM 

|27j| 

39 

B5S1 

MM 



nm 

4 


16 

A4 

28 

A7 

40 

|^j| 

mi 


El 


5 


17 



EK-vM 

41 

|g 



65 

DQ15 

6 


18 




mm 

|*gg| 

■ 


66 

ECC6 

7 


■a 



m m 

mm 


mi 

ESI 

67 

PD1 

8 


20 

DQ4 

32 

A9 

MM 


El 

12^1 

68 

PD2 

9 

Q 

mm 


mu 

’ -Si 

■a 


El 

mm 

69 

PD3 

10 

PBi 

iqh 


34 

|jj 

■a 

E 

El 

ESI 

70 

PD4 

11 

NC 

23 




■ 

WJM 

a 

wem 

71 

ECC7 

12 


■9 



IS 

■a 

UH 

EB 


72 

V SS 


| PIN NAMES 

A0-A9 

Address Inputs 

DQ0-DQ31 . 

Data Input/Output 

ECC0-ECC7 

. . Error Correction Data I/O 

CAS0-CAS3 

. . . Column Address Strobe 

PD1-PD4 . . . 

Presence Detect 

RAS0-RAS2 

Row Address Strobe 

W 

Read/Write Input 

CD 

. . . Configuration Detection 

v cc 


Voc 

Ground 

NC 



All power supply and ground pins must be 
connected for proper operation of the device. 
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51 2K x 40 BLOCK DIAGRAM 
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This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high-impedance circuits. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 1 to + 7 

V 

Voltage Relative to Vqs 
(F or Any Pin Except Vqq) 

V in . V ou t 

- 1 to + 7 

V 

Data Output Current per DQ Pin 

lout 

50 

mA 

Power Dissipation 

PD 

6.15 

W 

Operating Temperature Range 

Ta 

0 to + 70 

°C 

Storage Temperature Range 

T stg 

-25 to + 125 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

VfH 

2.4 

- 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

- 

0.8 

V 

1 


RECOMMENDED OPERATING CONDITIONS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc P° wer Supply Current 

MCM40512-70, t R Q = 130 ns 

'cci 

— 

820 

mA 

2 


MCM4051 2-80, t RC = 1 50 ns 


— 

720 




MCM40512-10, t R Q = 180 ns 


— 

620 



Vqc Power Supply Current (Standby) (RAS 

= CAS = V,h) 

'CC2 

— 

40 

mA 


Vqc Power Supply Current 

MCM40512-70, t R Q = 130 ns 

>CC3 

— 

820 

mA 

2 

During RAS only Refresh Cycles 

MCM40512-80, t R Q = 150 ns 


— 

720 




MCM4051 2-1 0, t R Q = 180 ns 


— 

620 



Vcc Power Supply Current 

MCM40512-70, t PC = 40 ns 

•CC4 

— 

620 

mA 

2,3 

During Fast Page Mode Cycle 

MCM405 12-80, t PC = 45 ns 


— 

520 




MCM40512-10, t P Q = 55 ns 


— 

420 



Vcc Power Supply Current (Standby) (RAS 

= CAS = Vqq - 0.2 V) MCM40512 

! CC5 

— 

20 

mA 



MCM40L512 


— 

4 



Vcc Power Supply Current 

MCM4051 2-70, t R Q = 130 ns 

•CC6 

— 

820 

mA 

2 

During CAS Before RAS Refresh Cycle 

MCM40512-80, t R Q = 150 ns 


— 

720 




MCM4051 2-1 0, t R Q = 180 ns 


— 

620 



Vcc Power Supply Current Battery Backup Mode (tRc = 125ps; CAS = CAS 

>CC7 


! 

mA 


before RAS Cycling or 0.2 V; W, DQ, A0 - A8 

= Vqq - 0.2 V or 0.2V) t R AS = 1 fts 







MCM40L512only 


— 

6.0 



Input Leakage Current (Vqs ^ Vj n ^ Vqq) 

'lkg(l) 

-200 

200 

|iA 


Output Leakage Current (CAS at Logic 1 , V$s ^ V ou t < Vqq) 

'lkg(O) 

-20 

20 

pA 


Output High Voltage (Iqh = - 5 mA ) 

v OH 

2.4 

- 

V 


Output Low Voltage (Iql = 4.2 mA) 

VQL 

- 

0.4 

V ! 



NOTES: 

1 . All voltages referenced to V$s- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 
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CAPACITANCE (f = 1 .0 MHz, T A = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Input Capacitance (A0-A8) 

Cli 

- 

110 

pF 

1 

Input Capacitance (W) 

C|2 

- 

150 

PF 

1 

Input Capacitance (RAS0-RAS3) 

C|3 

— 

45 

PF 

1 

Input Capacitance (CAS0-CAS3) 

C|4 

— 

45 

PF 

1 

I/O Capacitance (DQ0-DQ31) 

C DQ1 

— 

24 

PF 

1 

I/O Capacitance (ECC0-ECC7) 

C DQ2 

- 

24 

PF 

1 


NOTE: 1 . Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = 1 A t / A V. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM40512-70 

MCM40512-80 

MCM40512-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

- 

150 

- 

180 

- 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

40 

- 

45 

- 

55 

- 

ns 


Access Time from RAS 

tRELQV 

tRAC 

- 

70 

- 

80 

- 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

- 

20 

- 

20 

- 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

*AA 

- 

35 

- 

40 

- 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

*CPA 

- 

35 

- 

40 

- 

50 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

- 

0 

- 

0 

- 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

*OFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

n 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

iRP 

50 

— 

60 

— 

70 

- 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

- 

20 

- 

25 

- 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

- 

80 

- 

100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 


NOTES: (continued) 

1 . V|n min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and V||_ (or between Vjl and V|r) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRc ( min ) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T^ < 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (- 200 pA, + 4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
Vql = 0.8V. 

7. Assumes that tpQp < tpQD (max). 

8. Assumes that tRCD - Ircd (max). 

9. Assumes that tp^D - *RAD (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the *rqd (max) limit ensures that tR^c (max) can be met. tRQp (max) is specified as a reference point only; if tRQp is 

greater than the specified tRQD (max) limit, then access time is controlled exclusively to tQ A 0. 

1 2. Operation within the tR^D (max) limit ensures that tR^c (max) can be met. tR/\p (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAp (max), then access time is controlled exclusively by tAA- 


MOTOROLA MEMORY DATA 


3-162 





MCM40512»MCM40L512 


READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM40512-70 

MCM4051 2-80 

MCM40512-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

CAS to RAS Precharge Time 

tCEHREL 

*CRP 

5 

- 

5 

— 

10 

- 

ns 


CAS Precharge Time (Page Mode 
Cyle Only) 

tCEHCEL 

*CP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

*AVREL 

*ASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

*RAH 

10 

- 

10 

- 

15 

- 

ns 


Column Address Setup Time 

*AVCEL 

l ASC 

0 

- 

0 


0 

- 

ns 


Column Address Hold Time 

*CELAX 

*CAH 

15 

— 

15 

- 

20 

— 

ns 


Column Address Hold Time 
Referenced to RAS 

tRELAX 

*AR 

55 

— 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

*AVREH 

*RAL 

35 


40 

— 

50 

— 

ns 


Read Command Setup Time 

tWHCEL 

tecs 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time 
Referenced to CAS 

tCEHWX 

*RCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

tWCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time 
Referenced to RAS 

tRELWH 

*WCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

*WLWH 

tWP 

15 

- 

15 

- 

20 

- 

ns 


Write Command to RAS Lead Time 

tWLREH 

*RWL 

20 

- 

20 

- 

25 

- 

ns 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

- 

20 

— 

25 

- 

ns 


Data in Setup Time 

tDVCEL 

*DS 

0 

- 

0 

- 

0 

- 

ns 

14 

Data in Hold Time 

tCELDX 

*DH 

15 

- 

15 

- 

20 

- 

ns 

14 

Data in Hold Time Referenced to 

RAS 

tRELDX 

*DHR 

55 

— 

60 

— 

75 

— 

ns 


Refresh Period MCM40512 

MCM40L512 

tRVRV 

tRFSH 

— 

8 

64 

_ 

8 

64 

_ 

8 

64 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

- 

0 

- 

0 

- 

ns 

15 

CAS Setup Time for CAS Before 

RAS Refresh 

tRELCEL 

{ CSR 

10 

— 

10 

— 

10 

— 

ns 


CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

*CHR 

30 

— 

30 

— 

30 

— 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

*RPC 

0 

- 

0 

— 

0 

- 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

- 

10 

— 

15 

- 

ns 



NOTES: 

1 3. Either tpRH or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5 - tyVCS is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyvcs - twCS (min), the 

cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 

satisifed, the condition of the data out (at access time) is in determ inate. 

1 6. To avo id bus contention and potential damage to the module, RASO and RAS1 may not be active low simultaneously. Similarly, RAS2 and 
RAS3 may not be simultaneously active low. 
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RAS 


3 


CAS 

ADDRESSES 

READ CYCLE 

DQ 

(DATA OUT) 

W 

WRITE CYCLE 

w 

DQ 

(DATA IN) 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


V| H 

V|L " 
l CSR 

V,H SJ 

V| L - 

V| H - 
V|L- 

v OH “ 
v OL " 

V| H “ 

V| L - 


l 


Iras 


-t CHR" 




■ tCPT- 


^ASC" 


XXXXXXXXXXXXXXXX 


{ RSH 


■ *CAS' 


COLUMN ADDRESS. 


te' 


xxxxxxxxxxxxxxx 


twcs" 


V|H 

V| L 


: xxxxxxxxxxxxxxx, 


V| H - 

V| L - 


l CAH 


*RP 


KXXXXXXXXXXXXX 


_t CAC H 


*AA“ 


1 

■ 

l RAL ^ 

ITL 

r*t1 


VALID DATA 


l CLZ 


" { RWL ' 
{ CWL 


kDFF 


{ rch-H 


tRRH 




t W p“ 


tWCH 


xxxxxxxxxxxxx 


tDS“ 



xxxxxxxxxxxxx>d 

VALID DATA 

i 3 

xxxxxxxxxxxxx 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substate generator pump to establish the 
correct bias voltage. This is to be followed by a minimum of 
eight active cycles of the row address strobe (clock) to initialize 
the various dynamic nodes internal to the module. During an 
extended inactive state of the module (greater than 4 millisec- 
onds with device powered up), the wakeup sequence (8 active 
cycles) will be necessary to assure proper device operation. 

ADDRESSING THE RAM 

The nine address bus pins on the device are time multi- 
plexed with two separate 9-bit address fields that are strobed 
at the beginning of the memory cycle by tw o clocks (active neg- 
ative) called t he row address strobe (RAS) and the column ad- 
dress strobe (CAS). A total of eighteen address bits will decode 
one of the 524,288 word locations in the device. The column 
address strobe follows the row address strobe by a specified 
minimum and maximum time called tRpp, which is the row to 
column strobe delay. This time interval is also referred to as the 
multiplex window which gives flexibility to a system designer 
to set up the external addresses into the RAM. These condi- 
tions have to be met for normal read or write cycles. This initial 
portion of the cycle accomplishes the normal addressing of the 
device. These are, however, o ther v ariations in ad dress ing the 
modu le: the refresh modes (RAS only refresh, CAS before 
RAS refresh, hidden refresh), and another mode called page 
mode which allows the user to column access all words within 
a selected row. The refresh mode and page mode operations 
are described in more detail in later sections. 

READ CYCLE 

A read cycle is referred to as a normal read cycle to differen- 
tiate it from a page mode read cycle, which is covered in a later 
section. 

The memo ry read cycle begins with the row addresses valid 
and t he RAS clock transitioning from V|[_j to the Vj|_ level. The 
CAS clock must also make a transition from V | r to the V 1 1 _ level 
at the specified tRpp timin g li mits wh en the column addresses 
are latched. Both the RAS and CAS clocks trigger a sequence 
of events which are controlled by several delayed internal 
clocks. Also, these clocks are linked in such a manner that the 
access time of the device is independent o f the a ddress multi- 
plex window. The only stipulation is that the CAS clock must be 
active before or at the tRp p ma ximum specification for an ac- 
cess (data valid) from the RAS clock edge to be guaranteed 
(tRAc)- If the tR pp m aximum condition is not met, the access 
(tcAC) from the CAS clock activ e transition will determine read 
acc ess ti me. The external CAS signal is ignored until an inter- 
nal RAS signal is available. This gating feature on the CAS 
clock will allow the external CAS signal to become active as 
soon as the row address hold time (tRAH) specification has 
been met and defines the tRpp minimum specification. The 
time difference between tRpp minimum and tRpp maximum 
can be used to absorb skew delays in switching the address 
bus f rom the row to column addresses and in generating the 
CAS clock. 

Once the clocks have become acti ve, th ey must stay active 
for the minimum (tRAS) peri od fo r the RAS cl ock a nd the mini- 
mum (tpAs) period for the CAS clock. The RAS clock must 


stay inactive for the minimum (tRp) time. The former is for the 
completion of the cycle in progress, and the latter is for the de- 
vice internal circuitry to be precharged for the next a ctive c ycle. 

Data out is not latched and is valid as long as the CAS clock 
is a ctive ; the output will switch to the three-state mode when 
the CAS clock goes inactive. To perform a read cycle, the write 
(W) input must be held at the V|r level from the time the CAS 
clock makes its active transition (tRpp) to the time when it tran- 
sitions into the inactive (tRpn) mode. 

WRITE CYCLE 

A write cycle is similar to a read cycle except th at the write 

(W) clock must go active (V||_ level) at or before the CAS clock 
goes active at a minimum tyyps time - lf the above condition is 
met, then the cycle in progress is referred to as an early write 
cycle. In an early write cycle, the write clock and th e data in are 
referenced to the active transition of the CAS clock edge. 
There are two important parameters with respect to the write 
cycle: the column strobe to write lead time (tpwi_) and the row 
strobe to write lea d tim e (tRWL)- These define the minimum 
time that RAS and CAS_clocks need to be active after the write 
operation has started (W clock at V||_ level). 

PAGE-MODE CYCLES 

Page mode operation allows fast successive data opera- 
tions at all 512 column locations on a sele cted row. Page ac- 
cess (tpAC) ' s typically half the regular RAS clock access 
(tRAc) ° n the Motorola 1 M dyna mic RAM. Page mode opera- 
tion c onsists of holding the RAS clock active while cycling the 
CAS clock to access the column locations determined by the 
10-bit column address field. 

The page cycle is alway s initia ted with a row address being 
provided and latch ed by the RAS clock, followed by the column 
address and CAS clock. From the timing illustrated, the initial 
cycle is a normal read or write cy cle, th at has been previ ously 
described, followed by the short er CA S cycles (tpp). The CAS 
cycl e time (tpp) consists of the CAS clock active time (tpAS)> 
and CAS clock precharge time (tpp) and two transitions. In 
practice, any combination of read and write cycles can be per- 
formed to suit a particular application. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Therefore, to retain the cor- 
rect information, the module needs to be refreshed at least 
once every 8 milliseconds. This is accomplished by sequen- 
tially cycling through the 51 2 row address locations every 8 mil- 
liseconds (i.e., at least one row every 15.6 microseconds). A 
normal read or write operation to the module will also refresh 
all the words associated with the particular row(s) decoded. 

RAS-Only Refresh 

In this refresh method, the system must perform a 

RAS-only cycle on 512 row addresses e very 8 milliseconds. 
The row addresses are latched in with the RAS clock, and the 
associated internal row locations are refreshed. As the 
heading implies, the CAS clock is not required and must be 
inactive or at a V|r level. 
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CAS Before RAS Refresh 

This refresh cycle is initiated when RAS falls, after CAS has 
been low (by tc$R)- This activates the internal refresh counter 
which generates the row address to be refreshed. Externally 
applied addresses are ignored during the automatic refresh 
cycle. If the output buffer was off before the automatic refresh 
cycle, the output will s tay in the high-impedance state. If the 
output was enabled by CAS in the previous cycle, the data out 
wil l be m aintained during the automatic refresh cycle as long 
as CAS is held active (hidden refresh). 

Hidden Refresh 

The hidden refresh method allows refresh cycles to be per- 
formed while maintaining valid d ata a t the output pin. Hi dden 
refresh is performed by holding CAS at V|(_ and taking RAS 
high and aft er a sp ecified precharge period (tpp), executing a 
CAS before RAS refresh cycle. (See Figure 1 .) 

CAS BEFORE RAS REFRESH COUNTER TEST 

The intern al refre sh counter of the device can be tested with 
a CAS before RAS refresh counter test. This refresh counter 


test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 51 2 test cycles, as indicated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 


1 . Write “0”s into all memory cells (normal write mode). 

2. Select a column address, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 51 2 times. 

3. Select a c olumn addre ss, an d write “1” into the cell by 
performing CAS before RAS refresh counter test, write 
cycle. Repeat this operation 51 2 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1 . Hidden Refresh Cycle 


MCM 

Motorola Memory Prefix 

Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


40512 or 40L512 x xx 



Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 
Package (S = SIMM, SG = Gold Pad SIMM) 


Full Part Numbers - MCM4051 2S70 
MCM40512S80 
MCM40512S10 


MCM40512SG70 

MCM40512SG80 

MCM40512SG10 


MCM40L512S70 

MCM40L512S80 

MCM40L512S10 


MCM40L51 2SG70 
MCM40L51 2SG80 
MCM40L512SG10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


1 Mx8 Bit Dynamic Random 
Access Module 

The MCM81000 and MCM8L1000 are 8M dynamic random access memory 
(DRAM) modules organized as 1 ,048,576 x 8 bits. The modules are 30-lead 
single-in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) 
consisting of eight MCM511000A DRAMs housed in a 20/26 J-lead small outline 
package (SOJ) and mounted on a substrate along with a 0.22 ptF (min) de- 
coupling capacitor mounted under each DRAM. The MCM511000A is a 1.0|x 
CMOS high speed, dynamic random access memory organized as 1 ,048,576 
one-bit words and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM81000 = 8 ms (Max) 

MCM8L1000 = 64 ms (Max) 

• Consists of Eight 1M DRAMs and Eight 0.22 |iF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) 

MCM81 000-70 = 70 ns (Max) 

MCM81 000-80 = 80 ns (Max) 

MCM81 000-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM81 000-70 = 3.6 W (Max) 

MCM81000-80 = 3.1 W (Max) 

MCM81 000-10 = 2.7 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 88 mW (Max) 

CMOS Levels (MCM81000) = 45 mW (Max) 

_ (MCM8L1 000) = 9 m W (Max) 

• CAS Control for Eight Common I/O Lines 

• Available in Edge Connector (MCM81000S) or Two-Layer PCB Edge Connector 
(MCM81000AS) 

• Available in Pin Connector (MCM81000L) or Double-Sided Low Height Pin 
Connector (MCM81000LH) 


PIN NAMES 


A0-A9 Address Inputs 

DQ0- DQ7 Data Input/Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

Vqq Power (+5 V) 

Vss Ground 

NC No Connection 


MCM81000 

MCM8L1000 



30-PIN 

SINGLE-IN-LINE PACKAGE 

(TOP VIEW, MCM81 000S/81 000AS) 


— 

o 


V CC (1) 

□ 




CAS (2) 

□ 




DQO (3) 

□ 




AO (4) 

□ 




A1 (5) 

□ 




DQ1 (6) 

□ 




A2 (7) 

□ 




A3 (8) 

□ 




VSS (9) 

□ 




DQ2 (10) 

II 




A4 (11) 

□ 



A5 (12) 

□ 




DQ3 (13) 

□ 




A6 (14) 

J 




A7 (15) 

□ 



DQ4 (16) 

-J 




A8 (17) 

□ 




A9 (18) 

J 




NC (19) 

□ 



DQ5 (20) 

□ 




W (21) 

□ 




VSS (22) 

□ 




DQ6 (23) 

□ 



NC (24) 

□ | 




DQ7 (25) 

□ 




NC (26) 

□ 




RAS (27) 

□ 



NC (28) 

□ 1 




NC (29) 

□ 




V C C (3°) 

□ 1 





- 

O 
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ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to V§s for Any Pin Except Vqq 

< 

3’ 

< 

0 

c 

-1 to +7 

V 

Data Out Current per DQ Pin 

’out 

50 

mA 

Power Dissipation 

PD 

4.8 

W 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

Ista 

-25 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

,.Y(i 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

•cci 



mA 

2 

MCM81 000-70, t R Q = 130 ns 


— 

640 



MCM81 000-80, t RC = 150 ns 


— 

560 



MCM81 000-10, tRQ = 180 ns 


— 

480 



Vcc P° wer Supply Current (Standby) (RAS=CAS=V|r) 

’CC2 

— 

16 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles 

’CC3 



mA 

2 

MCM81 000-70, t RC = 130 ns 


— 

640 



MCM81 000-80, t RC = 150 ns 


— 

560 



MCM81 000-1 0, t R Q = 180 ns 


— 

480 



Vqq Power Supply Current During Fast Page Mode Cycle 

’CC4 



mA 

2 

MCM81 000-70, tp C = 40 ns 


— 

480 



MCM81 000-80, tpQ = 45 ns 


— 

400 



• MCM81 000-10, tpQ = 55 ns 


— 

320 



Vqq Power Supply Current (Standby) (RAS"= CAS = Vqq - 0.2 V) MCM81 000 

*CC5 

— 

8 

mA 


MCM8L1000 


— 

1.6 



Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

’CC6 



mA 

2 

MCM81 000-70, tRQ = 1 30 ns 


— 

640 



MCM81 000-80, t RC = 150 ns 


— 

560 



MCM81 000-10, tRQ = 180 ns 


— 

480 



Vqc Power Supply Current, Battery Backup Mode — MCM8L1 000 and 

'CC7 

— 

2.4 

mA 


MCM8L1000A Only _____ _____ 






(tRAC = 125 ps; t RA s = 1 ps; CAS = CAS Before RAS Cycle or 0.2 V; 






A0-A9, W, DQ = Vcc-0-2 V or 0.2 V) 






Input Leakage Current (0 Vss ^ v in ^ V CC) 

’lkg(l) 

-80 

80 

pA 


Output Leakage Current (CAS at Logic 1 , Vgs £ V ou t < Vqq) 

’lka(O) 

-20 

20 

pA 


Output High Voltage (Iqh = -5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4-2 mA) 

v OL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance 

A0-A9, W, CAS, RAS 

c in 

50 

PF 

3 

Input/Output Capacitance 

DQ0-DQ7 

c l/0 

15 

PF 

3 


NOTES: 

1 . All voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM81 000-70 

MCM81 000-80 

MCM81 000-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

HS9H 


— 

150 

— 

180 

— 

m 

5 

Page Mode Cycle Time 

tCELCEL 

EpH 

WEM 

— 

45 

— 

55 

— 

19 


Access Time from RAS 

tRELQV 

EH 

— 

70 

— 

80 

— 

100 

ESI 

eh 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 


— 

25 

ns 

6,8 

Access Time from Column Address 

*AVQV 

*AA 

— 


— 


— 

50 

m 

EDI 

Access Time from Precharge CAS 

tCEHQV 

I 

— 

35 

— 

40 

— 

50 


6 

CAS to Output in Low-Z 

*CELQX 

HSSS 

0 

— 

0 

— 

0 

— 

ESI 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 


3 

50 

8QEI 


RAS Precharge Time 

IREHREL 

tRP 


— 

60 


70 

— 

8Q8 


RAS Pulse Width 

tRELREH 


70 


80 



10,000 

8E9 


RAS Pulse Width (Fast Page 

Mode) 



70 


a 

100,000 

100 

100,000 

Q 


RAS Hold Time 

BBSS 


20 

— 

o 

— 


— 



CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

_ 


— 

8Q8 


CAS Pulse Width 

tCELCEH 


mm 


20 


25 

10,000 

1288 


RAS to CAS Delay Time 

tRELCEL 


eh 

■ 


60 

25 

75 

8EI 

11 

RAS to Column Address Delay 

Time 

tRELAV 


H 

18 





Q 

12 

CAS to RAS Precharge Time 

tCEHREL 


5 

— 

5 

— 

5 

— 

8B9 


CAS Precharge Time (Page Mode 
Cycle Only) 

tCEHCEL 



— 


— 


— 

ns 


Row Address Setup Time 


H9 

0 

— 

0 

— 

0 

— 

|^| 


Row Address Hold Time 

tRELAX 

IBI 

10 

— 

10 

— 

15 

— 

81 


Column Address Setup Time 



0 

— 


— 

0 

— 



Column Address Hold Time 

*CELAX 


15 

— 

15 

— 

20 

— 



Column Address Hold Time 
Referenced to RAS 

tRELAX 

tAR 

55 

— 

60 

~ 

75 

— 

ns 


Column Address to RAS Lead 

Time 

tAVREH 

tRAL 

35 

— 

40 

— 

50 

— 

ns 



(continued) 


NOTES: 

1 . V|j_) min and Vjl max are reference levels for measuring timing of input signals. Transition times are measured between Vjh and V|i_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|h and V||_ (or between Vjj_ and Vj^) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specifications for tpQ (min) and tRvvc ( min ) are used on, y t0 indicate cycle time at which proper operation over the full temperature 
range (0°C < T^ < 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that t^pp < tRpp (max). 

8. Assumes that tppp > tRpp (max). 

9. Assumes that t^D - iRAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRpp (max) limit ensures that tRAC (max) can be met. tRpp (max) is specified as a reference point only; if tRpp is 
greater than the specified tRpp (max) limit, then access time is controlled exclusively by tpAC- 

12. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if Iraq is 
greater than the specified tR/\p (max) limit, then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM81 000-70 

MCM81 000-80 

MCM81 000-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Command Setup Time 

tWHCEL 

toes 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 
Referenced to CAS 

*CEHWX 

toCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

toRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

tWCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time 
Referenced to RAS 

tRELWH 

*WCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

tWLWH 

twp 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

tWLREH 


20 

— 

20 

— 

25 

— 

Ul 


Write Command to CAS Lead Time 

tWLCEH 


20 

— 

20 

— 

25 

— 

HOI 


Data in Setup Time 


tos 

0 

— 

0 

— 

0 

— 


14, 15 

Data in Hold Time 

BB1IBM 


15 

— 

15 

— 

20 

— 

■ 

14, 15 

Data in Hold Time Referenced to 
RAS 




— 


— 


— 



Refresh Period MCM81000 

MCM8L1000 









— 



■ 

Write Command Setup Time 



0 



— 

0 

— 

■ 

mm 

CAS Setup Time for CAS Before 
RAS Refresh 

tRELCEL 

toSR 

10 

— 

10 

— 

10 

— 

ns 


CAS Hold Time for CAS Before 

RAS Refresh 

tRELCEH 

toHR 

30 

— 

30 

— 

30 

— 

ns 


CAS Precharge to CAS Active 

Time 

tREHCEL 

tope 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 

toPT 

40 

— 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

— 

10 

— 

15 

— 

ns 



NOTES: 

13. Either tRRH or tRQR must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. Early write only (tyvcs - twCS ( min ))- 

1 6. tyvcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyvcs - ty\/CS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is 
not satisfied, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 
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RAS 


CAS 


ADDRESSES 


W 


DQ0-DQ7 
(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ0-DQ7 
(DATA IN) 


FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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RAS 


3 


CAS 


AOTOA8 


DQ0-DQ7 
(DATA OUT) 


RAS 


CAS 


DQ0-DQ7 
(DATA OUT) 


RAS_ONLY REFRESH CYCLE 
(W and A9 are Don’t Care) 



OH~ 

'OL“ 


HIGHZ 


CAS BEFORE RAS REFRESH CYCLE 
(W and AO to A9 are Don’t Care) 
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HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (WRITE) 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 16 milliseconds with the device powered 
up) , a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the module are time multiplexed 
at the b eginn ing of a memory cycle by two clock s, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 0-bit address fields. A total of twenty address bits, ten 
rows and ten columns, w ill dec ode one of the 1 ,048,576 byte 
locat ions in the module. RAS active transition is followed by 
CAS active transition (active = V|(_, t Rpp mini mum ) for all read 
or write cycles. The delay between RAS and CAS active tran- 
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. _ ' 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAn) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress b us from row to column addresses and 
in generating the CAS clock. 

There are two other variations in ad dressing the 1 M RAM: 

RAS only refresh cycle, and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with either the “normal” random 
read cycle or the page mode read cycle. The normal read cycle 
is outlined here, while the page mode is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CAS active transitions latching 
the desired byte location. The write ( W) inp ut level must be 
hi 9h (V||_|)> tRcs (minimum) before the CAS active transition, 
to enable r ead m ode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the de vice i s independent of the address multiplex 
window. However, CAS must be active before or at tRQQ maxi- 
mum to gu arantee valid data out (DQ) at tRAC (access time 
from RAS active transition). If the tRco ma ximum is exceed- 
ed, read access time is determined by the CAS clock active 
transition (t C AC)- 

The RAS and CAS clocks must remain active for a minimum 
time ofjRAg and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location . Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for the next active 
cycle. Data out (DQ) is valid, but not latched, as long as the 


CAS clock is active. When the CAS clock transitions to inac- 
tive, the output will switch to High Z. 

WRITE CYCLE 

The user can write to the module with either of two cycles: 
early write or page mode early write. Early write mode is dis- 
cussed here, while the page mode write operation is covered 
in another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|i_). Minimum active time tRAS and tcAS> and precharge 
time tRp apply to write mode, as in the read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyvcs befor e CAS active transition . Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRwi_ and tQwi_> respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the 1 M dynamic 
RAM. Rea d acce ss time in page mode (tQAC) ' s typically half 
the regular RAS clock ac cess time, tRAC- Page mo de op era- 
tion consists of keeping RAS active while togg ling CAS be- 
tween V|r and V|l. The row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cycle are m et, CAS transitions to inactive for 
minim um of tQp, while RA S rem ains low (V|[_). The second 
CAS active transition while RAS is low initiates the first page 
mode cycle (tpc). Either a read or write operation can be per- 
formed in a page mode cycle, subject to the same conditions 
as in normal operation (previously described). These opera- 
tions can be intermixed in consecutive page mode cycles and 
performed in any order. The maximum number of consecutive 
page mode cyc les is limited by tRASP- Page mode operation 
is ended when RAS transitions to inactive, coincident with or 
following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bytes in 
the MCM81 000 require refresh every 8 milliseconds, while re- 
fresh time for the MCM8L1000 is 64 milliseconds. 

Refresh is accomplished by cycling through the 51 2 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM81000, and 124.8 microseconds 
for the MCM8L1000. Burst refresh, a refresh of all 512 rows 
consecutively, must be performed every 8 milliseconds on the 
MCM81000 and 64 milliseconds on the MCM8L1000. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bytes associated with th e part icular row de- 
coded. Thre e othe r methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the pre- 
vious cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1). W is subject to the same conditions 
with respec t to R AS ac tive tr ansition (to prevent test mode 
cycle) as in CAS before RAS refresh. 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This refresh count- 
er test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address supplies the column address. The 
entire array is refreshed after 512 test c ycles , as indi cated by 
the check data written in each row. See CAS before RAS re- 
fresh counter test cycle timing diagram. 

The t est c an be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as fol- 
lows: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a col umn a ddress, and r ead “0” out of the cell by 
performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 51 2 times. 

3. Select a colu mn add ress a nd wr ite “1” into the cell by 
performing the CAS before RAS refresh counter test, 
write cycle. Repeat this operation 51 2 times. 

4. Read “1”s (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 



MEMORY CYCLE 

REFRESH CYCLE 

REFRESH CYCLE 
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Figure 1 . Hidden Refresh Cycle 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 81000, 8L1 000 X XX 

T - r - TT 


Speed (70 = 70 ns, 80 = 80 ns, 1 0 = 1 00 ns 

Package (L = SIP, LH = Low Height SIP, S = 4-Layer SIMM, 
AS = 2-Layer SIMM) 


Full Part Numbers— MCM81000AS70 
MCM81000AS80 
MCM81000AS10 


MCM81000S70 

MCM81000S80 

MCM81000S10 


MCM81000L70 

MCM81000L80 

MCM81000L10 


MCM81000LH70 

MCM81000LH80 

MCM81000LH10 


MCM8L1 OOOAS70 
MCM8L1 000AS80 
MCM8L1000AS10 


MCM8L1000S70 

MCM8L1000S80 

MCM8L1000S10 


MCM8L1000L70 

MCM8L1000L80 

MCM8L1000L10 


MCM8L1000LH70 
MCM8L1 000LH80 
MCM8L1000LH10 


MOTOROLA MEMORY DATA 


3-182 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

1Mx8 Bit Dynamic Random 
Access Module 


The MCM81430 and MCM8L1430 are 8M dynamic random access memory 
(DRAM) modules organized as 1 ,048,576 x 8 bits. The modules are 30-lead 
single-in-line memory modules (SIMM) consisting of two MCM54400AN DRAMs 
housed in a 20/26 J-lead small outline package (SOJ) and mounted on a sub- 
strate along with a 0.22 pF (min) decoupling capacitor mounted adjacent to each 
DRAM. The MCM54400AN is a CMOS high speed, dynamic random access 
memory organized as 1 ,048,576 four-bit words and fabricated with CMOS 
silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM81430 = 16 ms (Max) 

MCM8L1430 = 128 ms (Max) 

• Consists of Two 4M DRAMs and Two 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) 

MCM81 430-60 = 60 ns (Max) 

MCM81 430-70 = 70 ns (Max) 

MCM81 430-80 = 80 ns (Max) 

MCM81 430-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM81 430-60 = 1 .32 W (Max) 

MCM81 430-70 = 1.10 W (Max) 

MCM81 430-80 = 0.94 W (Max) 

MCM81 430-10 = 0.83 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 22 mW (Max) 

CMOS Levels (MCM81430) = 11 mW (Max) 

(MCM8L1 430) = 2.2 m W (Max) 

• CAS Control for Eight Common I/O Lines 

• Available in Edge Connector (MCM81430S) 


PIN NAMES 


A0-A9 

Address Inputs 

DQ0-DQ7 

Data Input/Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 


v cc 

Power (+5 V) 

v ss 

Ground 

NC 

No Connection 


MCM81430 

MCM8L1430 



30-PIN 

SINGLE-IN-LINE PACKAGE 

(TOP VIEW, MCM81 430S/8L1 430S) 







O 


V CC (1) 

□ 



CAS (2) 
DQO (3) 

□ 

□ 


□ 




AO (4) 

□ 




A1 (5) 

□ 




DQ1 (6) 

3 




A2 (7) 

□ 




A3 (8) 

□ 




VSS 0) 

□ 




DQ2 (10) 

□ 



A4 (11) 

□ 

n 


A5 (12) 

□ 



□ 




DQ3 (13) 

A6 (14) 

□ 




A7 (15) 

□ 




DQ4 (16) 

□ 




A8 (17) 

□ 




A9 (18) 
NC (19) 

II 




□ 



DQ5 (20) 

□ 



W (21) 

□ 



VSS (22) 

□ 



DQ6 (23) 

□ 



NC (24) 

□ 



DQ7 (25) 

□ 



NC (26) 
RAS (27) 

□ 

□ 



NC (28) 

□ 



NC ( 29 ) 

□ 



V C C (30) 

□ 

o 






This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ0-DQ3 


DQ4-DQ7 


RAS 

CAS 

W 

A0-A9 

V CC 

V SS 




DQ 

A0-A9 

RAS 

CAS 

W 


-N 

1/ 


hh 


DQ 

A0-A9 

RAS 

CAS 

w 


HH 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for ex- 
tended periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to V§s lor Any Pin Except Vqq 

v in> v out 

-1 to +7 

V 

Data Out Current per DQ Pin 

'out 

50 

mA 

Power Dissipation 

Pd 

1.4 

W 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

- Istg 

-25 to +125 

°C 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 50 v ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V IH 

2.4 

— 

BIS 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 


Vcc p owe r Supply Current 

'cci 



mA 

2 

MCM81 430-60, t RC = 110 ns 


— 

240 



MCM81 430-70, t RC = 130 ns 


— 

200 



MCM81 430-80, t RC = 150 ns 


— 

170 



MCM81 430-10, t R c = 180 ns 



150 



VcC P ower Supply Current (Standby) (RAS=CAS=V| R ) 


— 

4 

mA 


Vcd Power Supply Current During RAS Only Refresh Cycles 

>CC3 




2 

(MCM81 430-60, t RC = 110 ns 


— 

240 



MCM81 430-70, t RC = 130 ns 


— 

200 



MCM81 430-80, t RC = 150 ns 


— 

170 



MCM81 430-10, t R c = 180 ns 



150 



V c fc Power Supply Current During Fast Page Mode Cycle 





2,3 

MCM81 430-60, t PC = 45 ns 


— 

140 



MCM8 1430-70, t PC = 45 ns 


— 

140 



MCM81 430-80, t PC = 50 ns 


— 

120 



MCM81 430-10, t PC = 60 ns 



110 



Vcc Power Supply Current (Standby) (RAS = CAS = Vcc “ °- 2 V) MCM81430 


— 

2 

mA 


MCM8L1430 


— 

0.4 



Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

•CC6 



mA 

2 

MCM81 430-60, t R c = 110 ns 


— 

240 



MCM81 430-70, t R c = 130 ns 


— 

200 



MCM81 430-80, t R c = 150 ns 


— 

170 



MCM81 430-10, t R c = 180 ns 



150 



Vcc Power Supply Current, Battery Backup Mode — MCM81 430 Only 

*CC7 




ra 

(t R AC = 125 ps; t R AS = 1 CAS = CAS Before RAS Cycle or 0.2 V; 


■ ■ 




A0-A9, W, DQ = Vcc-0.2 V or 0.2 V) 





^H 

Input Leakage Current (0 Vss - v in £ v cc) 

HUH 

-20 

20 



Output Leakage Current (CAS at Logic 1 , Vss - v out - v cc) 

'lka(O) 

-10 

10 

MUM 


Output High Voltage (Iqh = -5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

VOL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 1 00% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance 

A0-A9, W, CAS, RAS 

c in 

24 

PF 

5 

Input/Output Capacitance 

DQ0-DQ7 

O 

O 

17 

PF 

5 


NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading ; max imum curr ent is measured at the fastest cycle rate with the output open. 

3. Column address can be changed once or less while RAS = Vjl and CAS = V| R - 

4. tRAS (max) = 1 ms is only applied to refresh of battery backup. t RA s (max) = 1 0 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 v ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1,2,3, and 4) 


Parameter 

Symbol 

81430-60 

8L1 430-60 

81430-70 

8L1 430-70 

81430-80 

8L1 430-80 

81430-10 

8L1 430-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

iRELREL 

IRC 

110 

— 

130 

__ 

150 

_ 

180 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

45 

— 

50 

— 

60 

— 

ns 


Access Time from RAS 

iRELQV 

tRAC 

— 

60 

— 

70 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

ICELQV 

ICAC 

— 

20 

— 

20 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

lAVQV 

tAA 

— 

30 

— 

35 

— 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

40 

— 

40 

— 

45 

— 

55 

ns 

6 

CAS to Output in Low-Z 

ICELQX 

tCLZ 

0 

— 

0 


0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

iREHREL 

tRP 

40 

— 

50 

— 

60 

— 

70 

— 

ns 


RAS Pulse Width 

irelreh 

tRAS 

60 

10k 

70 

10k 

80 

10k 

100 

10k 

ns 


RAS Pulse Width (Fast Page 

Mode) 

irelreh 

tRASP 

60 

200 k 

70 

200 k 

80 

200 k 

100 

200 k 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

20 

— 

25 

— 

ns 


CAS Hold Time 

1RELCEH 

tCSH 

60 

- 

70 

— 

80 

— 

100 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 

40 

— 

45 

— 

55 

— 

ns 


CAS Pulse Width 

ICELCEH 

tCAS 

20 

10k 

20 

10k 

20 

10k 

25 

10k 

ns 


RAS to CAS Delay Time 

iRELCEL 

tRCD 

20 

40 

20 

50 

20 

60 

25 

75 . 

ns 

11 

RAS to Column Address Delay 

Time 

ire lav 

tRAD 

15 

30 

15 

35 

15 

40 

'| 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

1CEHREL 

tCRP 

5 

— 

5 

~ 

5 


10 

— 

ns 


CAS Precharge Time 

1CEHCEL 

tCP 

10 

— 

10 


10 

— 

10 

— 

ns 


Row Address Setup Time 

lAVREL 

tASR 

0 


0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

iRELAX 

tRAH 

10 

— 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

lAVCEL 

tASC 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

1CELAX 

tCAH 

15 

_ 

15 

— 

15 

— 

20 

— 

ns 


Column Address to RAS Lead 

Time 

*AVREH 

tRAL 

30 

— 

35 

— 

40 

— 

50 

— 

ns 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



1 . V|h min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between Vjh and V||_. 

2. An initial pause of 200 (is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|h and V|i_ (or between V|l and Vjh) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tpQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Ta £ 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 ^iA, +4 mA) loads and 100 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tpjcD £ tRco (max). 

8. Assumes that tRCD £ tpcD (max). 

9. Assumes that tRAD - iRAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tpiCD (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRQQ is 
greater than the specified tRQQ (max) limit, then access time is controlled exclusively by tQAO 

12. Operation within the tR^p (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by t^A- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

81430-60 

8L1 430-60 

81430-70 

8L1 430-70 

81430-80 
8L1 430-80 

81430-10 

8L1 430-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Command Hold Time 
Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

*WCH 

10 

— 

15 

— 

15 

— 

20 

— 

ns 


Write Command Pulse Width 

*WLWH 

tWP 

10 

— 

15 

— 

15 

— 

EH 

— 

IDS 


Write Command to RAS Lead Time 

tyVLREH 

*RWL 

20 

— 

20 

— 


— 

mm 

— 

E3 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

— 

20 

— 

20 

— 

mm 

— 



Data in Setup Time 

tDVCEL 

*DS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

14 

Data in Hold Time 

tCELDX 

*DH 

m c 

— 

15 

— 

mm 

— 


— 


14 

Refresh Period MCM81430 

MCM8L1430 

*RVRV 

*RFSH 

H 


— 

16 

128 

— 


B 




Write Command Setup Time 

tyVLCEL 

twcs 

0 

— 

0 

— 

0 

— 

0 

- 


15 

CAS to Write Delay 

*CELWL 

*CWD 


— 

50 

— 

1^1 

— 

WCHM 

— 


15 

RAS to Write Delay 

tRELWL 

*RWD 

90 

— 

100 

— 

110 

— 

135 

— 

ns 

15 

Column Address to Write Delay 

Time 

*AVWL 

*AWD 

60 

— 

65 

— 

70 

— 

85 

— 

ns 

15 

CAS Precharge to Write Delay 

Time (Page Mode) 

tCEHWL 

tCPWD 

70 

— 

70 

1 

75 

— 

90 

— 

ns 

15 

CAS Setup Time for CAS Before 
RAS Refresh 

tRELCEL 

*CSR 

5 

— 

5 

— 

5 

— 

5 

— 

ns 


CAS Hold Time for CAS Before 

RAS Refresh 

tRELCEH 

tCHR 

15 

— 

15 


15 

— 

20 

— 

ns 


RAS Precharge to CAS Active 

Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Time 

tCEHCEL 

*CPT 

30 

— 

40 

— 

40 

— 

50 

— 

ns 


Write Command Setup Time (Test 
Mode) 

*WLREL 

*WTS 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write Command Hold Time (Test 
Mode) 

tRELWH 

l WTH 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Precharge Time 
(CAS Before RAS Refresh) 

tWHREL 

*WRP 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Hold Time (CAS 

Before RAS Refresh) 

tRELWL 

*WRH 

10 

— 

10 


10 

— 

10 

— 

ns 



NOTES: 

1 3. Either tRRH or tRQR must be satisfi ed for a read cycle. 

1 4. These parameters are referenced to CAS leading edge in early write cycles. 

1 5. tyvcs is not a restrictive operating parameters. It is included in the data sheet as an electrical characteristic only; if tyvcs - *WCS ( min )> 
the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition 
is not satisfied, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 



EARLY WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE EARLY WRITE CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inac- 
tive state (greater than 16 milliseconds with the device pow- 
ered up), a wake up sequence of eight active cycles is neces- 
sary to ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the be ginnin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 0-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will de code one of the 1 ,048,576 byte 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = V||_, t pcD mini mum ) for all read 
or write cycles. The delay between RAS and CAS active tran- 
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. _____ 

The external CAS signal is ignored until an internal RAS sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

There are three other va riation s in ad dressi ng the module: 

RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 

READ CYCLE 

The DRAM may be read with either a “normal” random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V||_|),tRQs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess tim e of th e device is independent of t he ad dress multiplex 
window. CAS controls read access time: CAS must be active 
before or at tRQD maximu m to g uarantee valid data out (DQ) 
at Iraq (access time from RAS active transition). If the tRQD 
maxi mum is exceeded, read access time is determined by the 
CAS c lock a ctiv e tran sition (tQAc). 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid , but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 


will switch to High Z (three-state) tQFF after the inactive transi- 
tion. 

WRITE CYCLE 

The user can write to the DRAM with either an early write or 
page mode early write cycle. Early write mode is discussed 
here, while page mode write operations are covered in a sepa- 
rate section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V | jJ . Early write mode is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tcAS> and precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyvcs before CAS active transitio n. Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and tc WL> respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1 024 column locations on a selected row of the module. Read 
acce ss time in page mode (tQAC) is typically half the regular 
RAS clock acces s time, tRAC- Page mode operation consists 
of keeping RAS active whil e tog gling CAS between V|r and 
Vjl_. The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column loca- 
tion on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cy cle ar e met, CAS transitions to inacti ve for 
minimum tQp, while R AS re mains low (V|[_). The second CAS 
active transition while RAS is low initiates the first page mode 
cycle (tpc). Either a read or write operation can be performed 
in a page mode cycle, subject to the same conditions as in nor- 
mal operation (previously described). These operations can 
be intermixed in consecutive page mode cycles and per- 
formed in any order. The maximum number of consecutive 
page mode cyc les is limited by tRASP- Page mode operation 
is ended when RAS transitions to inactive, coincident with or 
following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM81430 require refresh every 16 milliseconds, while 
refresh time for the MCM8L1430 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM81430, and 124.8 microseconds 
for the MCM8L1430. Burst refresh, a refresh of all 1024 rows 
consecutively, must be performed every 1 6 milliseconds on 
the MCM81430 and 128 milliseconds on the MCM8L1430. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the p articular row d ecode d. Thre e oth- 
er methods of refresh, RAS-only refresh, CAS before RAS 
refresh, and hidden refresh are available on this device for 
greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the pre- 
vious cycle (hidden refresh). W mu st be inactive for time ty\/Rp 
before and time tyyRH after RAS active transition to prevent 
switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see F igure 1). W is subject to the same conditions 
with respec t to R AS ac tive tr ansition (to prevent test mode 
cycle) as in CAS before RAS refresh. 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This refresh count- 
er test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address supplies the column address. The 
entire array is refreshed after 1 024 test cycles , as indi cated by 
the check data written in each row. See CAS before RAS re- 
fresh counter test cycle timing diagram. 

The t est c an be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as fol- 
lows: 

1 . Write “0”s into all memory cells with normal write mode. 

2. Select a col umn a ddress, and r ead “0” out of the cell by 
performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 512 times. 

3. Select a colu mn ad dress a nd wr ite “1” into the cell by 
performing the CAS before RAS refresh counter test, 
write cycle. Repeat this operation 512 times. 

4. Read “T’s (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 



Figure 1. Hidden Refresh Cycle 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 81430, 8L1 430 X XX 

3 r - TT 


Speed (60 = 60 ns, 70 = 70 ns, 
80 = 80 ns, 1 0 = 1 00 ns) 

Package (S = SIMM) 


Full Part Numbers— MCM81430S60 
MCM81430S70 
MCM81430S80 
MCM81430S10 


MCM8L1430S60 

MCM8L1430S70 

MCM8L1430S80 

MCM8L1430S10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4Mx8 Bit Dynamic Random 
Access Memory Module 


MCM84000 

MCM8L4000 


The MCM84000S is a 32M, dynamic random access memory (DRAM) module 
organized as 4,194,304 x 8 bits. The module is a 30-lead single-in-line memory 
module (SIMM) consisting of eight MCM54100A DRAMs housed in 20/26 J-lead 
small outline packages (SOJ) mounted on a substrate along with a 0.22 p F (min) 
decoupling capacitor mounted under each DRAM. The MCM54100A is a CMOS 
high speed, dynamic random access memory organized as 4,194,304 one-bit 
words and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM84000= 16 ms 
MCM8L4000 = 128 ms 

• Consists of Eight 4M x 1 DRAMs and Eight 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) 

MCM84000S-80 = 80 ns (Max) 

MCM84000S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM84000S-80 and MCM8L4000S-80 = 4.4 W (Max) 

MCM84000S-10 and MCM8L4000S-10 = 3.75 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 88 mW (Max) 

CMOS Levels (MCM84000) = 45 mW (Max) 

(MCM8L4000) = 1 8 m W (Max) 

• CAS Control for Eight Common I/O Lines 

• Available in Edge Connector (MCM84000S) or Low Height Pin Connector 
(MCM84000LH) 



CASE 839B 


30-PIN 


SINGLE IN-LINE PACKAGE 

(TOP VIEW, MCM84000S/8L4000S) 

V CC (1) 

□ 

O 



CAS (2) 

□ 

— 

— 



DQO (3) 

□ 





AO (4) 

□ 





A1 (5) 

□ 





DQ1 (6) 

□ 





A2 (7) 

□ 





A3 (8) 

□ 

— 

— 



VSS 0) 


— 

— 



DQ2 (10) 

□ 





A4 (11) 

□ 





A5 (12) 

□ 





DQ3 (13) 

□ 





A6 (14) 

□ 





A7 (15) 

□ 


— 



DQ4 (16) 

J 


— 



A8 (17) 

□ 





A9 (18) 

□ 





A10 (19) 

□ 





DQ5 (20) 

□ 





W (21) 

□ 





VSS (22) 

□ 

— 

— 



DQ6 (23) 

□ 

— 

— 



NC (24) 

□ 





DQ7 (25) 

□ 





NC (26) 
RAS (27) 

□ 

□ 





NC (28) 

□ 





NC (29) 

□ 

— 

— 



V C C ( 3 °) 

□ 

o 








PIN NAMES 


A0-A10 

Address Inputs 

DQ0-DQ7 

Data Input/Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 


v cc 

Power (+5 V) 

v ss 

Ground 

NC 

No Connection 
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FUNCTIONAL BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to V§s for Any Pin Except Vqq 

Vin> v out 

-1 to +7 

V 

Data Out Current per DQ Pin 

'out 

50 

mA 

Power Dissipation 

PD 

4.8 

W 

Operating Temperature Range 

t a 

0 to +70 

°C 

Storage Temperature Range 

Istg 

-25 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5.0 V ±10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vec 

4.5 

5.0 

5.5 

V 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

>CC1 



mA 

2 

MCM84000-80, tRc = 150 ns 


— 

800 



MCM84000-10, t R c = 180 ns 


— 

680 



V CC Power Supply Current (Standby) (RAS=CAS=Vjr) 

'CC2 

— 

16 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles 

>CC3 



mA 

2 

MCM84000-80, t RC = 150 ns 


— 

800 



MCM84000-10, tRQ = 180 ns 


— 

680 



Vcc Power Supply Current During Fast Page Mode Cycle 

'CC4 



mA 

2,3 

MCM84000-80, t PC = 45 ns 


— 

480 



MCM84000-10, tpc = 55 ns 


— 

400 



Vcc Power Supply Current (Standby) (RAS = CAS = Vcc ~ °- 2 V) MCM84000 

'CC5 

— 

8 

mA 


MCM8L4000 


— 

3.2 



Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

*CC6 



mA 

2 

MCM84000-80, tRc = 1 50 ns 


— 

800 



MCM84000-10, t RC = 180 ns 


_ 

680 



Vcc Power Supply Current, Battery Backup Mode — MCM8L4000 Only 

'CC7 

— 

4.0 

mA 

2,4 

(t RC = 1 25 ps; CAS = CAS Before RAS Cycling or 0.2 V; W = V C c~0.2 V; 

DQ = Vcc-0.2 V, 0.2 V or Open; A0-A10 - V cc -0.2 V or 0.2 V) 
tRAS = M' n t0 1 P s 






Input Leakage Current (Vqs ^ Vj n £ Vcc) 

'lkg(l) 

-80 

80 

|xA 


Output Leakage Current (CAS at Logic 1 , V$s ^ V 0U f < Vcc) 

'lkq(O) 

-20 

20 

HA 


Output High Voltage (Iqh = -5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4 2 mA) 

v OL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T/\ = 25°C, Vcc = 5 V, Periodically Sampled Rather Than 100% Tested) 


| Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance 

A0-A10, W, CAS, RAS 

Cin 

50 

PF 

5 

Input/Output Capacitance 

DQ0-DQ7 

C|/o 

15 

PF 

5 


NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. tRAS (max) = 1 ps is only applied to refresh of battery backup. tR/\s (max) = 1 0 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5 -0 v ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCM84000-80 

MCM84000-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

IRC 

150 

— 

180 

— 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

50 

— 

60 

— 

ns 


Access Time from RAS 


tRAC 

— 

80 

__ 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 


— 


— 

25 

B9I 

6,8 

Access Time from Column Address 

lAVQV 

tAA 

— 

40 

— 

50 

19 


Access Time from Precharge CAS 

tCEHQV 


— 

45 

— 

55 

19 

6 

CAS to Output in Low-Z 

tCELQX 


0 

— 

0 

— 

19 

6 

Output Buffer and Turn-Off Delay 

ICEHQZ 

tOFF 

0 

20 

0 

20 


10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 



RAS Precharge Time 


tRP 

60 

— 

70 

— 



RAS Pulse Width 

tRELREH 

tRAS 

80 



mm 





tRASP 

80 

200,000 


EJ333I 

B9 


RAS Hold Time 


RSfSi 

20 

— 


— 

■ 


CAS Hold Time 

tRELCEH 

B-'VVM 

80 

— 


— 



CAS Pulse Width 

tCELCEH 

WE3SM 

20 






RAS to CAS Delay Time 


tRCD 


60 



U] 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

40 




12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

10 

— 



CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 


— 



Row Address Setup Time 

m 

tASR 

0 

— 

0 

— 

B 


Row Address Hold Time 


tRAH 


— 

15 

— 

B 


Column Address Setup Time 

lAVCEL 

tASC 

0 

— 

0 

— 

B 


Column Address Hold Time 

tCELAX 


15 

— 

20 

— 

B9 


Column Address Hold Time Referenced to RAS 

tRELAX 

tAR 

60 

— 

75 

— 

B 


Column Address to RAS Lead Time 

{ AVRgH 

’RAL 

40 

— 

50 

- 

B 



(continued) 


NOTES: 

1 . V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between Vjh and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vp-j and Vjl (or between V||_ and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tpQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Ta ^ 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and V 0L = 0.8 V. 

7. Assumes that tpQp < tRQD (max). 

8. Assumes that tRQD £ tRQD (max). 

9. Assumes that tRAD - tRAD (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11. Operation within the tRco (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; if tRQD is 
greater than the specified tRQD (max) limit, then access time is controlled exclusively by tQAC- 

12. Operation within the tRAD (max) limit ensures that tRAQ (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM84000-80 

MCM84000-10 

uji 


Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

— 

u 



Read Command Hold Time Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 


mm 

Read Command Hold Time Referenced to RAS 



0 

— 

0 

— 

19 

mm 

Write Command Hold Time Referenced to CAS 

tCELWH 

■ ■ 

15 

— 

20 

— 

9 


Write Command Hold Time Referenced to RAS 

tRELWH 

WES* 1 

60 

— 

75 

— 



Write Command Pulse Width 

tWLWH 

t W p 

15 

— 

20 

— 



Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

25 

— 

g 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

— 

25 

— 

19 


Data in Setup Time 

tDVCEL 

*DS 

0 

— 

0 

— 

19 

KB1 

Data in Hold Time 

tCELDX 

*DH 

15 

— 

20 

— 

19 

99 

Data in Hold Time Referenced to RAS 

tRELDX 

*DHR 

60 

— 

75 

— 



Refresh Period MCM84000 

tRVRV 

tRFSH 

_ 

16 

— 

16 

ms 


MCM8L4000 



— 

128 

— 

128 



Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

191 

991 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

tCSR 

5 

— 

10 

— 

g 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

tCHR 

15 

— 

20 

— 

■9 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

19 


CAS Precharge Time for CAS Before RAS Counter Test 

BS5BJ5I 

WBSM 

40 

— 

50 

— 

ns 



NOTES: 

1 3. Either tRRR or tRQR must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

15. Early write only (twcs - tyvcS (min)). 

1 6. twcs > s not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs - *WCS (min), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is 
not satisfied, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 
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RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA IN) 


FAST PAGE MODE READ CYCLE 




FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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RAS ONLY REFRESH CYCLE 
(W and A10 are Don’t Care) 



DQ V 0H~ 
(DATAOUT) v QL - 


HIGHZ 


CAS BEFORE RAS REFRESH CYCLE 
(W and AO to A10 are Don’t Care) 
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HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator pump to establish 
the correct bias voltage. This must be followed by a minimum 
of eight active cycles of the row address strobe (clock) to ini- 
tialize all dynamic nodes within the RAM. During an extended 
inactive state (greater than 1 6 milliseconds with device pow- 
ered up), a wake up sequence of eight active cycles is neces- 
sary to assure proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the b eginn ing of a memory cycle by two clock s, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 11 -bit address fields. A total of twenty two address bits, 
eleven rows and eleven columns, will de code one of the 
4,1 94,304 b yte loc ations in the device. RAS active transition is 
followed by CAS active transition (active = V||_, tp cD m ini ~ 
mum ) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external ad- 
dresses into th e RA M. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress b us from row to column addresses and 
in generating the CAS clock. 

Th ere are three other va riation s in add ressin g the 4M RAM: 
RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 

READ CYCLE 

The DRAM may be read with two different cycles: “normal” 
random read cycle and page mode read cycle. The normal 
read cycle is outlined here, while the page mode cycle is dis- 
cussed in a separate section. 

The normal read cycl e beg ins as de scribed in ADDRESS- 
ING THE RAM, with the RAS and CAS active transitions latch- 
ing the desired bit location. The write ( W) inp ut level must be 
high (V| H ), tRcs (minimum) before the CAS active transition, 
to enable r ead m ode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the de vice i s independent of the address multiplex 
window. However, CAS must be active before or at tRQD maxi- 
mum to gu arantee valid data out (DQ) at tRAC (access time 
from RAS active transition). If the tRQQ ma ximum is exceed- 
ed, read access time is determined by the CAS clock active 
transition (tpAC)- 

The RAS and CAS clocks must remain active for a minimum 
time oMras and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRj-) or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid, but not latched, as long as the CAS clock is 


active. When the CAS clock transitions to inactive, the output 
will switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with two cycles; early write 
and page mode early write. Early write mode is discussed 
here, while the page mode write operation is covered in anoth- 
er section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|l). Minimum active time tRAS and *CAS> and precharge 
time tRp apply to write mode, as in the read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyyQg befor e CAS active transitio n. Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and tQ wi_> respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the dynamic RAM. 
Read a ccess time in page mode (tQAC) is typically half the 
regular RAS clock a cces s time, tRAC- Page m ode o peration 
consists of keeping RAS active w hile t oggling CAS between 
V||_| a nd V| |_. The row is latched by RAS active transition, while 
each CAS active transition allows selection of a new-column 
location on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cycle are m et, CAS transitions to inactive for 
minim um of tQp, while RA S rem ains low (V||_). The second 
CAS active transition while RAS is low initiates the first page 
mode cycle (tpQ). Either a read or write operation can be per- 
formed in a page mode cycle, subject to the same conditions 
as in normal operation (previously described). These opera- 
tions can be intermixed in consecutive page mode cycles and 
performed in any order. The maximum number of consecutive 
page mode cyc les is limited by tRASP- Pa 9 e mode operation 
is ended when RAS transitions to inactive, coincident with or 
following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each byte must be periodi- 
cally refreshed (recharged) to maintain the correct byte state. 
Bytes in the MCM84000 require refresh every 1 6 milliseconds, 
while refresh time for the MCM8L4000 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bytes on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM84000, and 124.8 microsec- 
onds for the MCM8L4000. Burst refresh, a refresh of all 1024 
rows consecutively, must be performed every 1 6 milliseconds 
on the MCM84000 and 128 milliseconds on the MCM8L4000. 

A normal read, write, or read-write operation to the RAM will 
refresh all the bytes (4096) associated wit h the particular row 
deco ded. Th ree ot her methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V||_|) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

C AS be fore RAS refresh is enabled by bring CAS active be- 
fore RAS. This clock order activates an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the pre- 
vious cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles t o occu r while main- 
taining valid data at the outpu t pin. Holding CAS active the end 
of a read or write cycle, while RAS cycles inactive for tRp and 
back to active, starts the hi dden r efresh. This is essentially the 
execution of a CAS before RAS refresh from a cycle in prog- 
ress (see Figure 1). 


CAS BEFORE RAS REFRESH COUNTER TEST 

The i nternal r efresh counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 
cycle timing diagram. ______ 

The test can be performed after a minimum of 8 CAS before 

RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells (normal write mode). 

2 . Select a colum n addre ss, an d read “0” out of the cell by per- 
forming CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1 024 times. 

3. Select a colum n addre ss, an d write “1 ” into the cell by per- 
forming CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1 024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 



MEMORY CYCLE 

CAS BEFORE RAS 
REFRESH CYCLE 

CAS BEFORE RAS 
REFRESH CYCLE 





RAS ^ 

L ^ 

\ 

\ / 





CAS 

nn i iiai i -> 

\ 

...... r 





/ 

VALID DATA-OUT 

\ 

DU HloH 

V 

/ 





Figure 1 . Hidden Refresh Cycle 


Motorola Memory Prefix 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 84000 or 8L4000 X XX 


Speed (80 = 80 ns, 10 = 100 ns) 


T 


Part Number 


Package (S = SIMM, LH = Low Height SIP) 


Full Part Numbers— MCM84000S80 
MCM84000S10 


MCM84000LH80 

MCM84000LH10 


MCM8L4000S80 MCM8L4000LH80 

MCM8L4000S10 MCM8L4000LH10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

4Mx8 Bit Dynamic Random 
Access Memory Module 

The MCM84000AS is a 32M, dynamic random access memory (DRAM) 
module organized as 4,194,304 x 8 bits. The module is a 30-lead single-in-line 
memory modules (SIMM) consisting of eight MCM54100A DRAMs housed in a 
20/26 J-lead small outline packages (SOJ) mounted on a substrate along with a 
0.22 pF (min) decoupling capacitor mounted under each DRAM. The 
MCM54100A is a CMOS high speed, dynamic random access memory orga- 
nized as 4,194,304 one-bit words and fabricated with CMOS silicon-gate process 
technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM84000A = 16 ms (Max) 

MCM8L4000A = 128 ms (Max) 

• Consists of Eight 4M x 1 DRAMs and Eight 0.22 jiiF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (1 rac) : 

MCM84000AS-60 = 60 ns (Max) 

MCM84000AS-70 = 70 ns (Max) 

MCM84000AS-80 = 80 ns (Max) 

MCM84000AS-1 0 = 100 ns (Max) 

• Low Active Power Dissipation: 

M CM84000AS-60 and MCM8L4000AS-60 = 5.28 W (Max) 
MCM84000AS-70 and MCM8L4000AS-70 = 4.40 W (Max) 
MCM84000AS-80 and MCM8L4000AS-80 = 3.74 W (Max) 
MCM84000AS-10 and MCM8L4000AS-10 = 3.30 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 88 mW (Max) 

CMOS Levels (MCM84000A) = 44 mW (Max) 

(MCM8L4000A) = 8.8 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• Available in Edge Connector (MCM84000AS), Pin Connector (MCM84000L), or 
Low Height Pin Connector (MCM84030LH) 


PIN NAMES | 

A0-A10 .... 

Address Inputs 

DQ0-DQ7 . . 

Data Input/Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

v cc 

Power (+5 V) 

v ss 

Ground 

NC 

No Connection 


MCM84000A 

MCM8L4000A 



30-PIN 

SINGLE IN-LINE PACKAGE 
(TOP VIEW, MCM84000AS) 


v cc 

CAS 
DQO 
AO 
A1 
DQ1 
A2 
A3 

V SS . . 

DQ2 (10) 
A4 (11) 
A5 (12) 
DQ3 (13) 
A6 (14) 
A7 (15) 
DQ4 (16) 
A8 (17) 
A9 (18) 
A10 (19) 
DQ5 (20) 
W (21) 
VSS (22) 
DQ6 (23) 
NC (24) 
DQ7 (25) 
NC (26) 
RAS (27) 
NC (28) 
NC (29) 
Vcc ( 3 °) 


O 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
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This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

v 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V| L 

-1.0 

— 

0.8 

V 

1 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vgg for Any Pin Except Vqq 

< 

3 

< 

O 

C 

-1 to +7 

V 

Data Out Current per DQ Pin 

'out 

50 

mA 

Power Dissipation 

Pd 

5.6 

W 

Operating Temperature Range 

t a 

0 to +70 

°C 

Storage Temperature Range 

Istg 

-25 to +125 

°C 


NOTE : Permanent device damage may occur if ABSOLUTE M AXI M U M RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqq Power Supply Current 

*CC1 



mA 

2 

MCM84000A-60, t RC = 110 ns 


— 

960 



MCM84000A-70, t R Q = 130 ns 


— 

800 



MCM84000A-80, t RC = 150 ns 


— 

680 



MCM84000A-10, t RC = 180 ns 



600 



V CC Power Supply Current (Standby) (RAS = CAS = V| R ) 

>CC2 

— 

16 

mA 


Vqq Power Supply Current During RAS Only Refresh Cycles 

>CC3 



mA 

2 

MCM84000A-60, t RC = 110 ns 


— 

960 



MCM84000A-70, t R Q = 130 ns 


— 

800 



MCM84000A-80, t R Q = 150 ns 


— 

680 



MCM84000A-10, t R Q = 180 ns 



600 



Vqq Power Supply Current During Fast Page Mode Cycle 

'CC4 



mA 

2,3 

MCM84000A-60, t PC = 110 ns 


— 

480 



MCM84000A-70, tpc = 45 ns 


— 

480 



MCM84000A-80, t PC = 50 ns 


— 

400 



MCM84000A-10, t P Q = 60 ns 



360 



Vqq Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) MCM84000A 

<CC5 

_ 

8 

mA 


MCM8L4000A 


— 

1.6 



Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

*CC6 



mA 

2 

MCM84000A-60, t R Q = 110 ns 


— 

960 



MCM84000A-70, t RC = 130 ns 


— 

800 



MCM84000A-80, t RC = 150 ns 



680 



MCM84000A-10, t RC = 180 ns 



DUU 



Vqq Power Supply Current, Battery Backup Mode— MCM8L4000A Only 

>CC7 

— 

2.4 

mA 

2,4 

(t R Q = 125 [is; CAS = CAS Before RAS Cycling or 0.2 V; W = Vqq - 0.2 V; 






DQ = Vqq - 0.2 V, 0.2 V or Open; A0-A1 0 = Vqq - 0.2 V or 0.2 V) 






t R AS = to 1 PS 






Input Leakage Current (Vqs ^ Vj n < Vqq) 

*lka(h 

-80 

80 

liA 


Output Leakage Current (CAS at Logic 1 , Vgs ^ Vj n < Vqq) 

'lka(O) 

-20 

20 

[iA 


Output High Voltage (Iqh = -5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

— 

0.4 

V 



MOTOROLA MEMORY DATA 






MCM84000A* MCM8L4000A 


CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


I Parameter 

Symbol 

Max 

Unit 

Notes 

input Capacitance 

A0-A10, W, CAS, RAS 

r- 1 
'■'in 

50 

PF 

5 

Input/Output Capacitance 

DQ0-DQ7 

C|/o 

22 

PF 

5 


NOTES: 

1 . All voltages referenced to V§s- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. *RAS ( max ) = 1 ps is only applied to refresh of battery backup. tRAs (max) = 1 0 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 v ±10%, Ta = o to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1,2, 3, and 4) 


Parameter 

Symbol 

84000A-60 

8L4000A-60 

84000A-70 

8L4000A-70 

84000A-80 

8L4000A-80 

84000A-10 

8L4000A-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle 

Time 

tRELREL 

IRC 

110 

— 

130 

— 

150 

— 

180 

— 

ns 

5 

Fast Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

45 

— 

50 

— 

60 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

60 

— 

70 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

881 

— 

88 

— 

H3 

— 

25 

U8 

6,8 

Access Time from Column 

Address 

tAVQV 


— 


— 


— 

40 

— 



6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

8 

— 


— 

■a 

— 


HjK 

6 




0 

— 

0 


0 


0 

— 

181 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

88 

0 

181 

0 

El 



m 

MM 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 


88 

88 


88 

88 

181 


RAS Precharge Time 

tREHREL 

tRP 

40 

— 


— 


— 

mm 

— 



RAS Pulse Width 

tRELREH 

tRAS 

60 

10k 

70 

10k 

80 

10k 

100 

10k 

ns 


RAS Pulse Width (Fast Page 

Mode) 

tRELREH 

tRASP 

60 

200 k 

70 

200 k 

80 

200 k 

100 

200 k 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

20 

— 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

60 

— 

70 

— 

80 

— 

100 

— 

ns 


CAS Precharge to RAS Hold 

Time 

tCEHREH 

tRHCP 

40 

— 

40 

— 

45 

— 

55 


ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10k 

20 

10k 

20 

10k 

25 

10k 

ns 


RAS to CAS Delay Time 

1RELCEL 

tRCD 

20 

40 

20 

50 

20 

60 

25 

75 

ns 

11 


(continued) 

NOTES: 

1 . V|r min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|r and V|i_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|r and V|i_ (or between Vjl and Vjh) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Ta < 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that Irqq < tRQD (max). 

8. Assumes that Irqd > tRQQ (max). 

9. Assumes that tRAD ^ tRAD (max). 

1 0. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRpp (max) limit ensures that tRAC (max) can be met. tRpp (max) is specified as a reference point only; if tRpp is 
greater than the specified tRQp (max) limit, then access time is controlled exclusively by tpAC- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

84000A-60 

8L4000A-60 

84000A-70 

8L4000A-70 

84000A-80 

8L4000A-80 

84000A-10 

8L4000A-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

RAS to Column Address Delay 

Time 

tRELAV 

tRAD 

15 

30 

15 

35 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

5 

— 

10 

— 

ns 


CAS Precharge Time 

tCEHCEL 

*CP 

10 

— 

10 

— 

10 

— 

10 

_ 

ns 


Row Address Setup Time 

tAVREL 

*ASR 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

*RAH 

10 

— 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

*AVCEL 

tASC 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

*CELAX 

tCAH 

15 

— 

15 

— 

15 

— 

20 

— 

ns 


Column Address to RAS Lead 

Time 

tAVREH 

tRAL 

30 

— 

35 

— 

40 

— 

50 

— 

ns 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 
Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

tWCH 

10 

— 

15 

— 

15 

— 

20 

— 

ns 


Write Command Pulse Width 

*WLWH 

twp 

10 

_ 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead 

Time 

tWLREH 

tRWL 

20 

— 

20 

— 

20 

— 

25 

— 

ns 


Write Command to CAS Lead 

Time 

*WLCEH 

tCWL 

20 

— 

20 

— 

20 

— 

25 


ns 


Data in Setup Time 

tDVCEL 

tDS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

14 

Data in Hold Time 

*CELDX 

*DH 

15 

— 

15 

— 

15 

— 

20 

— 

ns 

14 

Refresh Period MCM84000A 

MCM8L4000A 

tRVRV 

tRFSH 

— 

16 

128 

— 

16 

128 

— 

16 

128 



16 

128 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

15 

CAS Setup Time for CAS Before 
RAS Refresh 

*RELCEL 

tCSR 

5 

— 

5 

— 

5 

— 

5 

— 

ns 


CAS Hold Time for CAS Before 

RAS Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

15 

— 

20 

— 

ns 


RAS Precharge to CAS Active 

Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS 
Before RAS Counter Time 

tCEHCEL 

*CPT 

30 

— 

40 

— 

40 

— 

50 

— 

ns 


Write Command Setup Time (Test 
Mode) 

tWLREL 

tWTS 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write Command Hold Time (Test 
Mode) 

tRELWH 

tWTH 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Precharge Time 
(CAS Before RAS Refresh) 

tWHREL 

tWRP 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Hold Time (CAS 
Before RAS Refresh) 

tRELWL 

tWRH 

10 

— 

10 

— 

10 

— 

10 

— 

ns 



NOTES: 

12. Operation within the t^D ( m a*) limit ensures that tRAQ (max) can be met. Iraq (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD ( m ax) linnit, then access time is controlled exclusively by tAA- 

1 3. Either tRRR or tRcn must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles. 

1 5. tyvcs * s not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyycs ^ tys/CS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is 
not satisfied, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 



EARLY WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 
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RAjS ONLY REFRESH CYCLE 
(W and A10 are Don’t Care) 


_V |H - ^ 

V IL — 

* t RC 

1 RA s ► 

V -i 

-* t RP ► 

3 

/ \ 

tCRP-H 




l ASR * 

i !■ 



AOTOA9 vTS) 

t ROW 

v r ADDRESS . 

BSB&&9 


Vnw- 

DQ (DATA OUT) UH HIGH Z 

v OL~ 


CAS BEFORE RAS REFRESH CYCLE 
(AO to A10 are Don’t Care) 
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MCM84000A+MCM8L4000A 


HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (EARLY WRITE) 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inac- 
tive state (greater than 1 6 milliseconds with the device pow- 
ered up), a wake up sequence of eight active cycles is neces- 
sary to ensure proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the b eginn ing of a memory cycle by two clock s, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 1 -bit address fields. A total of twenty two address bits, 
eleven rows and eleven columns, wil l dec ode one of the 
4,194,304 wo rd loc ations in the device. RAS active transition 
is followed by CAS active transition (active = V||_, t pQp m ini- 
mum) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external ad- 
dresses into th e RA M. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQp minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

Th ere are three other variations in addressing the module: 

RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. 

READ CYCLE 

The DRAM may be read with either a “normal” random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|h), tRQs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the de vice i s independent of the address multiplex 
window; however, CAS must be active before or at tRQp maxi- 
mu nvtoguarantee valid data out (DQ) at tRAC (access time 
from RAS active transition). If the tRQp ma ximum is exceed- 
ed, read access time is determined by the CAS clock active 
transition (t CA c)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tpAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location . Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRpto precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid, but not latched, as long as the CAS clock is 


active. When the CAS clock transitions to inactive, the output 
will switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with either an early write or 
page mode early write cycle. Early write mode is discussed 
here, while page mode write operation is covered elsewhere. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|jJi. Early write mod e is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS ancl 
tcAS> ancl precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyyQs befor e CAS active transition . Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRwi_ and tpvVL’ respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the module. Read 
acce ss time in page mode (tQAC) is typically half the regular 
RAS clock acces s time, tRAC- Page mode operation consists 
of keeping RAS active whil e tog gling CAS between V|r and 
V|l_. The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column loca- 
tion on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cycle are m et, CAS transitions to inactive for 
minim um of tQp, while RA S rem ains low (V|i_). The second 
CAS active transition while RAS is low initiates the first page 
mode cycle (tpc). Either a read or write operation can be per- 
formed in a page mode cycle, subject to the same conditions 
as in normal operation (previously described). These opera- 
tions can be intermixed inconsecutive page mode cycles and 
performed in any order. The maximum number of consecutive 
page mode cyc les is limited by Irasp- Page mode operation 
is ended when RAS transitions to inactive, coincident with or 
following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM84000A require refresh every 16 milliseconds, while 
refresh time for the MCM8L4000A is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM84000A, and 124.8 microseconds 
for the MCM8L4000A. Burst refresh, a refresh of all 1 024 rows 
consecutively, must be performed every 1 6 milliseconds on 
the MCM84000A and 1 28 milliseconds on the MCM8L4000A. 

A normal read or write operation to the RAM will refresh all 
the bits (4096) associated with the p articular row decod ed. 
Thre e othe r methods of refresh, RAS-only refresh, CAS be- 
fore RAS refresh, and hidden refresh are available on this 
device for greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. 

The output buffer remains at the same state it was in during 
the previous cycle (hidden refresh). W mu st be inactive for 
time tyvRp before and time tyvRn after RAS active transition to 
prevent switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles t o occu r while main- 
taining valid data at the outpu t pin. Holding CAS active the end 
of a read or write cycle, while RAS cycles inactive for tpp and 
back to active, starts the hi dden r efresh. This is essentially the 
execution of a CAS before RAS refresh from a cycle in prog- 
ress (see Figure 1 ). W is subject to the same conditions with 


resp ect to RAS a ctive transition (to prevent test mode cycle) 
as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 
The i nternal r efres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 

cycle timing diagram. 

Th e test can be performed after a minimum of 8 CAS before 
RAS initialization cycles. Test procedure: 

1 . Write “0”s into all memory cells (normal write mode). 

2. Select a colum n addre ss, an d read “0” out of the cell by per- 
forming CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1 024 times. 

3. Select a colum n addre ss, an d write “1 ” into the cell by per- 
forming CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1 024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 



Figure 1. Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 84000A or 8L4000A X XX 

Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 
Package (AS = SIMM, L = SIP, LH = Low Height SIP) 


JT 


Full Part Numbers— MCM84000AS60 
MCM84000AS70 
MCM84000AS80 
MCM84000AS10 


MCM84000L60 

MCM84000L70 

MCM84000L80 

MCM84000L10 


MCM84030LH60 

MCM84030LH70 

MCM84030LH80 

MCM84030LH10 


MCM8L4000AS60 
MCM8L4000AS70 
MCM8L4000AS80 
MCM8L4000AS1 0 


MCM8L4000L60 

MCM8L4000L70 

MCM8L4000L80 

MCM8L4000L10 


MCM8L4030LH60 
MCM8L4030LH70 
MCM8L4030LH80 
MCM8L4030LH1 0 
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SEMICONDUCTOR 

TECHNICAL DATA 


256Kx8 Bit Dynamic Random 
Access Memory Module 

The MCM84256 is a 2M, dynamic random access memory (DRAM) module 
organized as 262,144 x 8 bits. The module is a 30-lead single-in-line memory 
module (SIMM) consisting of two MCM514256A DRAMs housed in 20/26 
J-lead small outline package (SOJ) and mounted on a substrate along with a 
0.22 pF (min) decoupling capacitor mounted adjacent to each DRAM. The 
MCM514256A is a 1 .Op CMOS high speed, dynamic random access memory 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate 
process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM84256 = 8 ms (Max) 

MCM8L4256 = 64 ms (Max) 

• Consists of Two 256Kx4 DRAMs and Two 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM84256-70 = 70 ns (Max) 

MCM84256-80 = 80 ns (Max) 

MCM84256-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM84256-70 = 0.9 W (Max) 

MCM84256-80 = 0.8 W (Max) 

MCM84256-10 = 0.7 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 22 mW (Max) 

CMOS Levels (MCM84256) = 11 mW (Max) 

(MCM8L4256) = 2.2 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• Available in Edge Connector 


MCM84256 

MCM8L4256 



PIN NAMES 


A0-A8 Address Inputs 

DQ0- DQ7 Data Input/Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

Vqq Power (+5 V) 

Vss Ground 

NC No Connection 
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FUNCTIONAL BLOCK DIAGRAM 


DQ0-DQ3 


DQ4-DQ7 


RAS 

CAS 

W 

A0-A8 

V CC 

V SS 


-N 

i/ 


DQ0-DQ3 

A0-A8 

RAS 

CAS 

W 


■N 

i/ 


HH 


DQ4-DQ7 

A0-A8 

RAS 

CAS 


HH 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vss for Any Pin Except Vqq 

< 

< 

o 

c 

-1 to +7 

V 

Data Out Current per DQ Pin 

*out 

50 

mA 

Power Dissipation 

PD 

1.2 

W 

Operating Temperature Range 

t a 

0 to +70 

°C 

Storage Temperature Range 

T sta 

-25 to +125 

°c 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5.0 v ±10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V| H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vcc Power Supply Current 

! CC1 



mA 

2 

MCM84256-70, t RC = 130 ns 


_ 

160 



MCM84256-80, t R c = 150 ns 


— 

140 



MCM84256-10, t RC = 180 ns 


— 

120 



Vqc Power Supply Current (Standby) (RAS=CAS=V| R ) 

( CC2 

— 

4 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles 

•CC3 



mA 

2 

MCM84256-70, t R c = 130 ns 


— 

160 



MCM84256-80, t RC = 150 ns 


_ 

140 



MCM84256-10, t R c = 180 ns 


— 

120 



Vcc Power Supply Current During Fast Page Mode Cycle 

'CC4 



mA 

2,3 

MCM84256-70, tpc = 40 ns 


— 

120 



MCM84256-80, t PC = 45 ns 


— 

100 



MCM84256-1 0, t PC = 55 ns 


— 

80 



Vcc Power Supply Current (Standby) (RAS = CAS = Vcc ~ 0.2 v ) MCM84256 

'CC5 

— 

2 

mA 


MCM8L4256 


— 

400 

pA 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

*CC6 



mA 


MCM84256-70, t RC = 130 ns 


— 

160 



MCM84256-80, t RC = 150 ns 


— 

140 



MCM84256-1 0, t RC = 180 ns 


— 

120 





— 


mu 






■ 


Input Leakage Current (V§s ^ v in ^ V CC) 

'lkq(l) 

-20 

20 



Output Leakage Current (CAS at Logic 1 , V§s ^ V ou t < Vcc) 

'lka(O) 

-10 

10 

pA 


Output High Voltage (Iqh = -5 m A) 

v OH 

2.4 

_ 

V 


Output Low Voltage (Iql = 4.2 m A) 

v OL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance 

A0-A8, W, CAS, RAS 

Cin 

24 

PF 

5 

Input/Output Capacitance 

DQ0-DQ7 

C|/0 

17 

pF 

5 


NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. IRAS ( max ) = I I^S is only applied to refresh of battery backup. t RA s ( max ) = 10 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5.0 v ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM84256-70 

MCM84256-80 

MCM84256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

_ 

150 

— 

180 

— 

ns 

5 

Page Mode Cycle Time 

1CELCEL 

tpc 

40 


45 

— 

55 

__ 

ns 


Access Time from RAS 

iRELQV 

tRAC 

— 

70 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

1CELQV 


— 

20 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

l AVQV 

tAA 

— 

35 

— 

40 

— 

50 



Access Time from Precharge CAS 

ICEHQV 


— 

35 

■ 

40 

— 

50 

ES 

6 

CAS to Output in Low-Z 


■391 

0 

— 

mm 

— 

0 

— 

■ 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

l OFF 

0 

20 

0 

20 

0 

20 

m 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 


BBI 


RAS Precharge Time 

irehrel 

tRP 


— 


— 

70 

— 

191 


RAS Pulse Width 

irelreh 

tRAS 

70 


80 


100 


BUf 


RAS Pulse Width (Fast Page 

Mode) 

irelreh 

tRASP 


100,000 


100,000 

100 

100,000 

ns 


RAS Hold Time 

1CELREH 

tRSH 

20 

— 


— 


— 

Eg 


CAS Hold Time 

iRELCEH 

tCSH 

70 

— 

80 

— 


— 

E 


CAS Pulse Width 

tCELCEH 

tCAS 



20 


25 


E9 


RAS to CAS Delay Time 

iRELCEL 

tRCD 

20 


20 

60 



IS 

11 

RAS to Column Address Delay 

Time 

tRELAV 

tRAD 









CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

_ 

10 

— 

ns 


CAS Precharge Time (Page Mode 
Cycle Only) 

tCEHCEL 

tCP 

10 


10 


10 

— 

ns 


Row Address Setup Time 

lAVREL 

tASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

irelax 

tRAH 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

iavcel 

tASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 

15 

— 

20 

— 

ns 


Column Address Hold Time 
Referenced to RAS 

iRELAX 

tAR 

55 

— 

60 

— 

75 


ns 


Column Address to RAS Lead 

Time 

lAVREH 

tRAL 

35 

— 

40 

— 

50 

— 

ns 



(continued) 


NOTES: 

1 . V|h min and Vjl max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V|i_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V||_| and Vjl (or between V|(_ and Vjh) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tpc ( min ) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < Ta £ 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tRQQ < tRQQ (max). 

8. Assumes that tRQQ ^ tRCD (max). 

9. Assumes that tRAQ ^ tRAD (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRQQ (max) limit ensures that tRAC (max) can be met. tRQQ (max) is specified as a reference point only; if tRQQ is 
greater than the specified tRQQ (max) limit, then access time is controlled exclusively by tQAC- 

1 2. Operation within the tR^o (max) limit ensures that tRAQ (max) can be met. tRAQ (max) is specified as a reference point only; if tRAQ is 
greater than the specified tRAQ (max) limit, then access time is controlled exclusively by t/\A- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM84256-70 

MCM84256-80 

MCM84256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Command Setup Time 

tyVHCEL 

tRCS 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 
Referenced to CAS 

tCEHWX 

*RCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

tyVCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time 
Referenced to RAS 

tRELWH 

tyVCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

tyVLWH 

tWP 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

tyVLREH 

*RWL 

20 

— 

20 

— 

25 

— 

ns 


Write Command to CAS Lead Time 

tyVLCEH 

*CWL 

20 

— 

20 

— 

25 

— 

129 


Data in Setup Time 

*DVCEL 

l DS 

0 

— 

0 

— 



9 

B91 

Data in Hold Time 

tCELDX 

*DH 

15 

— 

15 

— 

20 



ns 

14, 15 

Data in Hold Time Referenced to 
RAS 

tRELDX 

*DHR 

55 

— 

60 

— 

75 


ns 


Refresh Period MCM84256 

MCM8L4256 

tRVRV 

tRFSH 

— 

8 

64 



8 

64 

— 

8 

64 

ms 


Write Command Setup Time 

tyVLCEL 

*WCS 

0 

— 

0 

— 

0 

— 

ns 

15, 16 

CAS Setup Time for CAS Before 

RAS Refresh 

tRELCEL 

tCSR 

10 

— 

10 

— 

10 

— 

ns 


CAS Hold Time for CAS Before 

RAS Refresh 

tRELCEH 

tCHR 

30 

— 

30 

— 

30 

— 

ns 


CAS Precharge to CAS Active 

Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 

*CPT 

40 

— 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

‘CPN 

10 

— 

10 

— 

15 

— 

ns 



NOTES: 

13. Either Irrr or *RCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. Early write only (tyvcs - tyVCS ( min ))- 

1 6. tyvcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twos tyvcs ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is 
not satisfied, the condition of the data out (at access time) is indeterminate. 
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RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ 
(DATA IN) 


FAST PAGE MODE READ CYCLE 




FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



MOTOROLA MEMORY DATA 


3-228 




MCM84256*MCM8L4256 


DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed b y a m inimum of eight 
active cycles of the row address strobe (RAS) to initialize all 
dynamic nodes within the module. During an extended inac- 
tive state (greater than 8 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 9-bit address fields. A total of eighteen address bits, nine 
rows and nine columns, will d ecode one of the 262,144 byte 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = V|i_, t pop mini mum ) for all read 
or write cycles. The delay between RAS and CAS active tran- 
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s gate feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQp minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

Th ere are two other varia tions in add ressin g the module: 

RAS only refresh cycle and CAS before RAS refresh cycle. 

Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with either a normal random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|h)> tRCS (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read 
access time o f the device is independent of the addre ss multi- 
plex window. CAS controls read access time: CAS must be 
active before or at tRQQ maximu m to g uarantee valid data out 
(DQ) at tRAC (access time from RAS active transition). If the 
tRQQ maxim um is exceeded, read access time is determined 
by the CAS acti ve tra nsition (tQAC)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRR|_| or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid , but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 
will switch to High Z, tQFF after inactive transition. 


WRITE CYCLE 

The DRAM may be written with either an early write or page 
mode early write cycle. The early write mode is discussed 
here, while the page mode write operation is covered in anoth- 
er section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|jJ. Early write mod e is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tcAS> ancl precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time twcs befor e CAS active transition . Dat a In 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRw/L ancl tcWL> respectively, 
after the start of the early write operation to complete the cycle. 
PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 51 2 
column locations on a selected row of the module. Rea d ac- 
cess time in page mode (tQAC) is typically half the regular RAS 
clock ac cess time, tRAC- Pa 9 e mode operation consists of 
keeping RAS active w hile to ggling CAS between V|r an d V||_. 
The row is latched by RAS active transition, while each CAS 
active transition allows selection of a new column location on 
the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sections. Onc e the timing 
requirements for the first cycle are m et, CAS transitions to 
inactive for m inimum tQp, while R AS re mains low (V||_). The 
second CAS active transition while RAS is low initiates the first 
page mode cycle (tpc) . Either a read or write operation can be 
performed in a page mode cycle, subject to the same 
conditions as in normal operation (previously described). 
These operations can be intermixed in consecutive page 
mode cycles and performed in any order. The maximum 
number of consecutive page mode cycles is lim ited by tRASP- 
Page mode operation is ended w hen RAS transitions to 
inactive, coincident with or following CAS inactive transition. 
REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in the 
MCM84256 require refresh every 8 milliseconds while refresh 
time for the MCM8L4256 is 64 milliseconds.. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM84256 and 124.8 microsec- 
onds for the MCM8L4256A. Burst refresh, a refresh of all 51 2 
rows consecutively, must be performed every 8 milliseconds 
on the MCM84256A and 64 milliseconds on the 
MCM8L4256A. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the p articular row d ecode d. Thre e oth- 
er methods of refresh, RAS-only refresh, CAS before RAS 
refresh, and Hidden refresh are available on this device for 
greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|n) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CA S befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the pre- 
vious cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tpp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refres h counter of this device can be tested with 

a CAS before RAS refresh counter test. This refresh count- 


er test is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address input supplies the column address. 
The entire array is refreshed after 51 2 test c ycles , as indi cated 
by the check data written in each row. See CAS before RAS 
refresh counter test cycle timing diagram. 

The t est c an be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as fol- 
lows: 

1 . Write “0”s into all memory cells (normal write mode). 

2. Select a col umn a ddress, and r ead “0” out of the cell by 
performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 512 times. 

3. Select a colum n add ress, a nd w rite “1 ” into the cell by 
performing the CAS before RAS refresh counter test, 
write cycle. Repeat this operation 512 times. 

4. Read “1”s (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 



Figure 1. Hidden Refresh Cycle 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

xx 


Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 
Package (S = SIMM) 


MCM 84256, 8L4256 X 

T n - T 


Full Part Numbers— MCM84256S70 
MCM84256S80 
MCM84256S10 


MCM8L4256S70 

MCM8L4256S80 

MCM8L4256S10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


1Mx9 Bit Dynamic Random 
Access Memory Module 

The MCM91000 and MCM9L1000 are 9M dynamic random access memory 
(DRAM) modules organized as 1 ,048,576 x 9 bits. The modules are 30-lead 
single-in-line memory modules (SIMM) or 30-pin single-in-line packages (SIP) 
consisting of nine MCM511000A DRAMs housed in a 20/26 J-lead small outline 
package (SOJ) and mounted on a substrate along with a 0.22 p.F (min) de- 
coupling capacitor mounted under each DRAM. The MCM511000A is a I.Op. 
CMOS high speed, dynamic random access memory organized as 1 ,048,576 
one-bit words and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM91000 = 8 ms (Max) 

MCM9L1 000 = 64 ms (Max) 

• Consists of Nine 1M DRAMs and Nine 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) 

MCM91 000-70 - 70 ns (Max) 

MCM91 000-80 = 80 ns (Max) 

MCM91 000-10 - 100 ns (Max) 

• Low Active Power Dissipation: 

MCM91 000-70 - 4.0 W (Max) 

MCM91 000-80 = 3.5 W (Max) 

MCM91 000-1 0 = 3.0 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 99 mW (Max) 

CMOS Levels (MCM91000) = 50 mW (Max) 

__ _ (MCM9L1 000) = 10 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• CAS Control for Separate I/O Pair 

• Available in Edge Connector (MCM91000S) or Two-Layer PCB Edge Connector 
(MCM91000AS) 

• Available in Gold Pad Edge Connector (MCM91000SG) 

• Available in Pin Connector (MCM91000L) or Double-Sided Low Height Pin 
Connector (MCM91000LH) 


PIN NAMES 


A0-A9 

Address Inputs 

DQ0-DQ7 .... 

Data Input/Output 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

CAS8 

Column Address Strobe 

Vcc 

Power (+5 V) 

vss 

Ground 

NC 

No Connection 


MCM91000 

MCM9L1000 
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This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(VcC = 5 0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 


mu 

U2E3 

Supply Voltage (Operating Voltage Range) 

Vec 

4.5 

5.0 

5.5 

V 

i 

Vss 

0 

0 

0 

Logic High Voltage, AH Inputs 

V| H 

2.4 

— 

6.5 

V 

i 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

i 


DC CHARACTERISTICS 


Characteristic 

Symbol 





Vcc Power Supply Current 

•cci 



mA 

n 

MCM91 000-70, tRC = 130 ns 


— 

720 



MCM91 000-80, tRC = 150 ns 


— 

630 



MCM91 000-10, tRC = 180 ns 


— 

540 


m 

Vcc Power Supply Current (Standby) (RAS=CAS=V||-|) 

•CC2 

— 

18 

Mm 


Vcc Power Supply Current During RAS Only Refresh Cycles 

>CC3 



mA 


MCM91 000-70, tRC = 130 ns 


— 

720 



MCM91 000-80, tRC = 150 ns 


— 

630 



MCM91 000-10, tRC = 180 ns 


— 

540 



Vcc Power Supply Current During Fast Page Mode Cycle 

mmm 

■ 



■n 

MCM91 000-70, tpc = 40 ns 



540 

■HH 


MCM91 000-80, tpc = 45 ns 

H 


450 

■ 


MCM91 000-10, tpc = 55 ns 


■ 

360 

Hi 

RHG 

Vcc Power Supply Current (Standby) (RAS = CAS = Vcc ~ °- 2 V) MCM9 1 000 


— 

9 



MCM9L1000 

HU 

— 

1.8 

H 


Vcc Power Supply Current During CAS Before RAS Refresh Cycle 

ICC6 



mA 

2 

MCM91 000-70, tRC = 130 ns 


— 

720 



MCM91 000-80, tRC = 150 ns 


— 

630 



MCM91 000-10, tRC = 180 ns 


— 

540 



Vcc Power Supply Current, Battery Backup Mode— MCM9L 1000 and 





HH 

MCM9L1000A Only 

H 

■ ■ 

H ■ 

HI 


(tRAC = 125 ps; tRAS = 1 f^s; CAS = CAS Before RAS Cycle or 0.2 V; 


■ 

■ 

HI 

flHHi 

A0-A9, W, DQ = Vcc-0-2 V or 0.2 V) 

■ ■ 

mm 


■ 

|^Hi 

Input Leakage Current (V§s ^ Vj n < Vcc) 

■Qfl 

-90 

90 



Output Leakage Current (CAS at Logic 1 , Vss ^ V Q ut £ Vcc) 

'lkg(O) 

-20 

20 

pA 


Output High Voltage (Ioh = -5 mA) 

VOH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

— 

0.4 

V 



CAPACITANCE (f = 1.0 MHz, Ta = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter j 

Symbol 

Max 

mn 


Input Capacitance 

A0-A9, W, CAS, RAS 


60 

PF 

3 


D8.CAS8 

H 

7 

mm 

3 

Input/Output Capacitance 

DQ0-DQ7 


15 

wm 

mm 

Output Capacitance (CAS = V|r to Disable Output) 

Q8 

Cout 

10 

PF 

3 


NOTES: 

1 . AH voltages referenced to Vss- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boon ton Meter or effective capacitance calculated from the equation: C = I At/A V. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-1 to +7 

V 

Voltage Relative to Vss f° r Any Pin Except Vcc 

Vin,V 0U t 

-1 to +7 

V 

Data Out Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

Pd 

5.4 

W 

Operating Temperature Range 

ta 

0 to +70 

°C 

Storage Temperature Range 

T stg 

-25 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 
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MCM91000* MCM9L1000 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1,2,3, and 4) 


Parameter 

Symbol 

MCM91 000-70 

MCM91 000-80 



Notes 



Min 

Max 

Min 

Max 



Random Read or Write Cycle Time 



130 

— 

150 

— 

180 

— 


5 

Page Mode Cycle Time 


tpc 

40 

— 

45 

— 

55 

— 



Access Time from RAS 

tRELQV 

tRAC 

— 

70 

— 

80 

— 

100 


eh 

Access Time from CAS 



— 

20 

- 

20 

— 

25 


os 

Access Time from Column Address 

*AVQV 

tAA 

— 

35 

— 

40 

— 

50 


eih 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

35 

— 

40 

— 

50 


mm 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 


? 

Output Buffer and Turn-Off Delay 


tQFF 

0 

20 

0 

20 

0 

20 


mm 

Transition Time (Rise and Fall) 

*T 

tT 

3 

50 

3 

50 

3 

50 



RAS Precharge Time 

tREHREL 

tRP 

50 

__ 

60 

— 

70 

— 



RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 



RAS Pulse Width (Fast Page 

Mode) 



70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

25 

— 

HI 


CAS Hold Time 



70 

— 

80 

— 

100 

— 

u 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 



RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

is 

■■ 

RAS to Column Address Delay 

Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

5 

— 



CAS Precharge Time (Page Mode 
Cycle Only) 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

tASR 

0 

— 

0 

— 

0 

— 



Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

15 

— 

u 


Column Address Setup Time 

tAVCEL 

tASC 

0 

— 

0 

— 

0 

— 

B3S 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 


— 

20 

— 

g 


Column Address Hold Time 
Referenced to RAS 

tRELAX 

tAR 

55 

— 

60 

HI 

75 

— 

ns 


Column Address to RAS Lead 

Time 

tAVREH 

tRAL 

35 

— 

40 

— 

50 

— 

ns 



1 . V|H min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V|h and V||_. 

2. An initial pause of 200 |is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. Tne transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vm and V|l (or between V||_ and V|h) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. \ 

5. The specifications for Irq (min) and tRyvc ( min ) are used on, y t0 indica te cycle time at which proper operation over the full temperature 
range (0°C < Ta < 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Voh = 2.0 V 
arid Vql = 0.8 V. 

7. Assumes that tRCD ^ tRCD (max). 

8. Assumes that tRCD ^ l RCD (max). 

9. Assumes that tRAD ^ tRAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the Irqd (max) limit ensures that tRAC (max) can be met. tRCD (max) is specified as a reference point only; if tRCD ,s 
greater than the specified tRCD (max) limit, then access time is controlled exclusively by t£AC- 

12. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified Irad (max) limit, then access time is controlled exclusively by tAA- 
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MCM91000»MCM9L1000 


READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM91 000-70 


MCM91 000-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 


Min 

Max 

Read Command Setup Time 

tWHCEL 

tRCS 


— 

0 

— 

0 

— 



Read Command Hold Time 
Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

tRRH 

0 


0 

— 

0 

H 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

tWCH 

15 

|| 

15 

— 


— 

ns 


Write Command Hold Time 
Referenced to RAS 

tRELWH 

tWCR 

55 

— 

60 

— 

■a 

— 

ns 


Write Command Pulse Width 

tWLWH 

twp 

15 

— 

15 

— 

20 

— 

E18 


Write Command to RAS Lead Time 

tWLREH 

tRWL 

20 

— 

20 

— 

25 

— 



Write Command to CAS Lead Time 

tWLCEH 

tCWL 

20 

— 

20 

— 

25 

— 



Data in Setup Time 

tDVCEL 

tDS 

0 

— 

0 

— 

0 

— 



Data in Hold Time 

tCELDX 

tDH 

15 

— 

15 

— 

20 

— 

1^9 

KQE3 

Data in Hold Time Referenced to 
RAS 

tRELDX 

l DHR 

55 

— 

60 

— 

75 

— 

ns 


Refresh Period MCM9 1 000 

MCM9L1000 

tRVRV 

tRFSH 

1 1 

8 

64 

— 

8 

64 

— 

8 

64 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

0 

— 

1391 

Hill 

CAS Setup Time for CAS Before 
RAS Refresh 

tRELCEL 

tCSR 

10 

— 

10 

— 

10 

— 

ns 


CAS Hold Time for CAS Before 

RAS Refresh 

tRELCEH 

tCHR 

30 

— 

30 

| 

30 

— 

ns 


CAS Precharge to CAS Active 

Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

— 

10 

— 

15 

— 

ns 



NOTES: 

13. Either tRRH or *RCH must & e satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

15. Early write only (twcs ^ tWCS (min)). 

16. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if twcs - twCS (rnin), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is 
not satisfied, the condition of the data out (at access time) is indeterminate. 
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CSS BEFORE RS5 REFRESH COUNTER TEST CYCLE 
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MCM91000* MCM9L1000 


DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greaterthan 8 milliseconds with the device powered up), 
a wake up sequence of eight active cycles is necessary to en- 
sure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the module are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 10-bit address fields. A total of twenty address bits, ten 
rows and ten columns, w ill dec ode one of the 1 ,048,576 word 
locat ions in the module. RAS active transition is followed by 
CAS active transition (active = VjL. tRCP mi nimum ) for all read 
or write cycles. The delay between RAS and CAS active transi- 
tions, referred to as the multiplex window, gives a system de- 
signer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRCD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress b us from row to column addresses and 
in generating the CAS clock. 

There are two other variations in ad dressing the 1 M RAM: 

RAS only refresh cycle, and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with either the "normal” random 
read cycle or the page mode read cycle. The normal read cycle 
is outlined here, while the page mode is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CAS active transitions latching 
the desired word location. The write ( W) inp ut level must be 
high (V|r), tRcs (minimum) before the CAS active transition, 
to enable r ead m ode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The in- 
ternal clocks are linked in such a manner that the read access 
time of the devi ce is in dependent of the address multiplex win- 
dow. However, CAS must be active before or at tRQQ maxi- 
mum to gu arantee valid data out (DQ) at tRAC (access time 
from RAS active transition). If the tRCD ma ximum is exceed- 
ed, read access time is determined by the CAS clock active 
transit ion (tp A C)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tcAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRH or tRCH after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location . Once HAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRpto precharge the internal device circuitry forthe next active 
cycle. Data out (DQ) is valid, but not latched, as long as the 


CAS clock is active. When the CAS clock transitions to inac- 
tive, the output will switch to High Z. 

WRITE CYCLE 

The user can write to the module with either of two cycles: 
early write or page mode early write. Early write mode is dis- 
cussed here, while the page mode write operation is covered in 
another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V, L ). Minimum active time tRAS and tcAS- and precharge 
time tRp apply to write mode, as in the read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time twcs before CAS active transitio n. Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and tcWL» respectively, 
after the start of the early write operation to complete the cycle. 
PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the 1 M dynamic 
RAM. Rea d acce ss time in page mode (tCAC) is typically half 
the regular RAS clock ac cess time, tRAC- Page mo de op era- 
tion consists of keeping RAS active while togg ling CAS be- 
tween V|R and V||_. T he row is latched by RAS active transi- 
tion, while each CAS active transition allows selection of a new 
column location on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cycle are m et, CAS transitions to inactive for 
minim um of tcp, while RA S rem ains low (V||_)- The second 
CAS active transition while RAS is low initiates the first page 
mode cycle (tpc)- Either a read or write operation can be per- 
formed in a page mode cycle, subject to the same conditions 
as in normal operation (previously described). These opera- 
tions can be intermixed in consecutive page mode cycles and 
performed in any order. The maximum number of consecutive 
page mode c ycles is limited by tRASP- Page mode operation is 
ended when RAS transitions to inactive, coincident with or fol- 
lowing CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge stor- 
age for each bit in the array. This charge degrades with time 
and temperature, thus each bit must be periodically refreshed 
(recharged) to maintain the correct bit state. Words in the 
MCM91 000 require refresh every 8 milliseconds, while refresh 
time for the MCM9L1000 is 64 milliseconds. 

Refresh is accomplished by cycling through the 51 2 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds forthe MCM91000, and 124.8 microseconds 
for the MCM9L1000. Burst refresh, a refresh of ail 512 rows 
consecutively, must be performed every 8 milliseconds on the 
MCM91000 and 64 milliseconds on the MCM9L1000. 

A normal read, write, or read-write operation to the RAM will 
refresh all the words associated with th e part icular row de- 
coded. Thre e othe r methods of refresh, RAS-only refresh, 
CAS before RAS refresh, and hidden refresh are available 
on this device for greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|H) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains atthe same state it was in during the pre- 
vious cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive fortRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1 ). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This refresh count- 


ertest is performed with read and write operations. During this 
test, the internal refresh counter generates the row address, 
while the external address supplies the column address. The 
entire array is refreshed after 512 test c ycles , as indi cated by 
the check data written in each row. See CAS before RAS re- 
fresh counter test cycle timing diagram. 

The t est ca n be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as fol- 
lows: 

1 . Write "0”s into all memory cells (normal write mode). 

2. Select a col umn a ddress, and r ead “0” out of the cell by 
performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 51 2 times. 

3. Select a co lumn address and w rite “1 ” into the cell by 
performing CAS before RAS refresh counter test, 
write cycle. Repeat this operation 512 times. 

4. Read 'Ts (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1. Hidden Refresh Cycle 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 91000, 


x 


9 Li 000 X XX 


Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns 


Package (L = SIP, LH = Low Height SIP, S = 4-Layer SIMM, 
AS = 2-Layer SIMM, SG = Gold Pad SIMM) 


Full Part Numbers— MCM91000AS70 
MCM91000AS80 
MCM91000AS10 

MCM9L1 000AS70 
MCM9L1000AS80 
MCM9L1000AS10 


MCM91000S70 MCM91000SG70 

MCM91000S80 MCM91000SG80 

MCM91000S10 MCM91000SG10 

MCM9L1000S70 MCM9L1000SG70 

MCM9L1000S80 MCM9L1000SG80 

MCM9L1000S10 MCM9L1000SG10 


MCM91000L70 MCM91000LH70 

MCM91000L80 MCM91000LH80 

MCM91000L10 MCM91000LH10 

MCM9L1000L70 MCM9L1000LH70 
MCM9L1000L80 MCM9L1000LH80 
MCM9L1000L10 MCM9L1000LH10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

1Mx9 Bit Dynamic Random 
Access Memory Module 

The MCM91430 and MCM9L1430 are 9M dynamic random access memory 
(DRAM) modules organized as 1 ,048,576 x 9 bits. The modules are 30-lead 
single-in-line memory modules (SIMM) consisting of two MCM54400AN and one 
MCM511000A DRAMs housed in a 20/26 J-lead small outline package (SOJ) 
and mounted on a substrate along with a 0.22 jllF (min) decoupling capacitor 
mounted adjacent to each DRAM. The MCM54400AN is a CMOS high speed, 
dynamic random access memory organized as 1 ,048,576 four-bit words and 
fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL- Compatible Inputs and Outputs 

• RAS Only R efres h 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM91430 = 16 ms (Max) 

MCM9L1430 = 128 ms (Max) 

• Consists of Two 4M and One 1M DRAMs and Three 0.22 pF (Min) Decoupling 

Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) : 

MCM91 430-70 = 70 ns (Max) 

MCM91 430-80 = 80 ns (Max) 

MCM91 430-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM91 430-70 = 1 .54 W (Max) 

MCM91 430-80 = 1 .32 W (Max) 

MCM91 430-10 = 1.16 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 33 mW (Max) 

CMOS Levels (MCM91430) = 16.5 mW (Max) 

(MCM9L1 430) = 3.3 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• CAS Control for Separate I/O Pair 

• Available in Edge Connector (MCM91430S) 


PIN NAMES 


A0-A9 Address Inputs 

DQ0-DQ7 Data Input/Output 

D 8 Data Input 

Q 8 Data Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

CAS 8 Column Address Strobe 

Vqq Power (+5 V) 

V 55 Ground 

NC No Connection 


MCM91430 

MCM9L1430 




This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 



This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for ex- 
tended periods of time could affect device reliability. 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vgs for Any Pin Except Vqq 

Vin.Vout 

-1 to +7 

V 

Data Out Current per DQ Pin 

*out 

50 

mA 

Power Dissipation 

Pd 

2.0 

W 

Operating Temperature Range 

Ta 

0 to +70 

°c 

Storage Temperature Range 

Isis 

-25 to +125 

°c 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 v ±10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

TM 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 


1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

v n 

-1.0 

— 

0.8 

mm 

1 


DC CHARACTERISTICS 


Characteristic 






Vqc Power Supply Current 

! CC1 



mA 

2 

MCM91 430-70, t RC = 130 ns 


— 

280 



MCM91 430-80, t RC = 150 ns 


— 

240 



MCM91 430-10, t R Q = 180 ns 


— 

210 



Vqq Power Supply Current (Standby) (RAS = CAS = V| R ) 

>CC2 

— 

6 

mA 


Vqq Power Supply Current During RAS Only Refresh Cycles 

>CC3 



mA 

2 

MCM91 430-70, t RC = 130 ns 


— 

280 



MCM91 430-80, t R Q = 150 ns 


— 

240 



MCM91 430-10, t R Q = 180 ns 


— 

210 



Vcc Power Supply Current During Fast Page Mode Cycle 

'CC4 



mA 

2,3 

MCM91 430-70, t P Q = 45 ns 


— 

200 



MCM91 430-80, tpQ = 50 ns 


— 

170 



MCM91 430-10, tpQ = 60 ns 


— 

150 



Vqq Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) MCM91 430 

'CC5 

— 

3 

mA 


MCM9L1430 


— 

0.6 



Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

! CC6 



mA 

2 

MCM91 430-70, t RC = 130 ns 


— 

280 



MCM91 430-80, t R Q = 150 ns 


— 

240 



MCM91 430-10, t R Q = 180 ns 


— 

210 



Vcc Power Supply Current, Battery Backup Mode — MCM9L1430 Only 

*CC7 

— 

0.9 

mA 

2,4 

(tRAC = I 25 t RA s = 1 l*s; CAS = CAS Before RAS Cycle or 0.2 V; 






A0-A9, W, DQ = Vqq- 0.2 V or 0.2 V) 






Input Leakage Current (V$s ^ Vj n < Vqq) 

'ikafn 

-30 

30 

pA 


Output Leakage Current (CAS at Logic 1 , Vgs ^ v out - V CC) 

'lkg(O) 

-10 

10 

pA 


Output High Voltage (Iqh = -5 mA ) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

V OL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance 

A0-A9, W, CAS, RAS 

C|'n 

25 

pF 

5 


D8, CAS8 


17 

PF 

5 

Input/Output Capacitance 

DQ0-DQ7 


17 



Output Capacitance (CAS = Vm to Disable Output) 

Q8 

Gout 

17 

ra 

5 


NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading ; max imum curr ent is measured at the fastest cycle rate with the output open. 

3. Column address can be changed once or less while RAS = V||_ and CAS = V||_|. 

4. IRAS ( m a x ) = 1 ps is only applied to refresh of battery backup. t RA s ( m & x ) = 10 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5-0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCM91 430-70 
MCM9L1 430-70 

MCM91 430-80 
MCM9L1 430-80 

MCM91 430-10 
MCM9L1 430-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

*RC 

130 

— 

150 

— 

180 

— 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

45 

— 

50 

— 

60 

— 

ns 


Access Time from RAS 

tRELQV 

*RAC 

— 

70 

_ 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

— 

25 

ns 

6, 8 

Access Time from Column Address 

tAVQV 

tAA 

— 

35 

— 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

40 

— 

45 

— 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

— 

60 

— 

70 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page 

Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 

100 

— 

ns 


CAS Precharge to RAS Hold Time 

tCEHREH 

tRHCP 

40 

— 

45 

— 

55 

— 

ns ! 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns i 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay 

Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

5 

— 

ns 


CAS Precharge Time (Page Mode 
Cycle Only) 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

tASR 

0 

— 

0 

— 

0 

~ 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

15 


ns 


Column Address Setup Time 

l AVCEL 

tASC 

0 

— 

0 


0 

— 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

1 

1 

15 


20 

— 

ns 


Column Address Hold Time 
Referenced to RAS 

tRELAX 

tAR 

55 

— 

60 

— 

75 

— 

ns 



(continued) 

NOTES: 


1 . V|h min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V||_| and V||_. 

2. An initial pause of 200 ^is is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|n and V|i_ (or between V||_ and Vj|_|) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range 
(0°C < T/y < 70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and V 0 l = 0.8 V. 

7. Assumes that tRQD < tRQD (max). 

8. Assumes that tRQD ^ tRCD (max). 

9. Assumes that tRAD ^ *RAD (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRQD (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; if tRQD is 
greater than the specified tRQD (max) limit, then access time is controlled exclusively by tQAQ- 

12. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD * s 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM91 430-70 
MCM9L1 430-70 

MCM91 430-80 
MCM9L1 430-80 

MCM91 430-10 
MCM9L1 430-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Column Address to RAS Lead 

Time 

tAVREH 

tRAL 

35 

— 

40 

— 

50 

— 

ns 


Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 
Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

tCELWH 

*WCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time 
Referenced to RAS 

tRELWH 

tWCR 

55 

— 

60 

— 

75 


ns 


Write Command Pulse Width 

*WLWH 

tWP 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead Time 

*WLREH 

tRWL 

20 

— 

20 

— 

25 

— 

ns 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

_ 

20 

— 

25 

— 

ns 


Data in Setup Time 

tDVCEL 

l DS 

0 

— 

0 

— 

0 

— 

ns 

14, 15 

Data in Hold Time 

BS3TM 

l DH 

15 

— 

15 

— 

20 

— 

EH. 








— 


— 



Refresh Period MCM91430 

MCM9L1430 

*RVRV 

tRFSH 




— 


_ 




Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

0 

— 



CAS Setup Time for CAS Before 
RAS Refresh 

tRELCEL 


5 

— 

m 

— 


— 



CAS Hold Time for CAS Before 

RAS Refresh 

tRELCEH 

| 


— 

m 

— 

20 

— 

ns 


CAS Precharge to CAS Active 

Time 

tREHCEL 



— 

H 

— 


— 

ns 


CAS Precharge Time for CAS 

Before RAS Counter Test 

tCEHCEL 



— 

m 

— 


— 



CAS Precharge Time 


tCPN 

10 

— 

10 

— 

15 

— 

ns 



NOTES: 

13. Either tRRH or tRCH must b e satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

1 5. Early write only (twcs - tWCS ( min ))- 

1 6. ty/vcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyvcS - tWCS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is 
not satisfied, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 
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FAST PAGE MODE READ CYCLE 

tRASP 



ADDRESSES V|H VV R0W 
V| L — A A ADDRESS 


mmsm. 


— Y||_| — 
W 

V IL“ 


hoFF-W H hoFF-f* ** 

1 clz — k— tcLz — k- 1 clz 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

1 RASP 


DQ (DATA IN) 


VALID DATA 




1 Dl 

HR 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 



MOTOROLA MEMORY DATA 





MCM91430*MCM9L1430 


DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inac- 
tive state (greater than 8 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary to 
ensure proper operation. 

ADDRESSING THE RAM 

The ten address pins on the device are time multiplexed at 
the beg innin g of a memory cycle by two clocks , row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 0-bit address fields. A total of twenty address bits, ten 
rows and ten columns, will de code one of the 1 ,048,576 word 
locat ions in the device. RAS active transition is followed by 
CAS active transition (active = V|[_, t Rpp mini mum ) for all read 
or write cycles. The delay between RAS and CAS active tran- 
sitions, referred to as the multiplex window, gives a system 
designer flexibility in setting up the external addresses into the 
RAM. 

The external CAS signal is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tR qd minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

T]iere are three other va riatio ns in ad dress ing the module: 

RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 

READ CYCLE 

The DRAM may be read with either a “normal” random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(Vjh), tRCS (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess tim e of th e device is independent of t he ad dress multiplex 
window. CAS controls read access time: CAS must be active 
before or at tRQD maximu m to g uarantee valid data out (DQ) 
at tRAC (access time from RAS active transition). If the tRQQ 
maxi mum is exceeded, read access time is determined by the 
CAS c lock a ctiv e tran sition (tOAC)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras anc * *CAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRpto precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid , but n ot latched, as long as the CAS clock is 
active. When the CAS clock transitions to inactive, the output 


will switch to High Z (three-state) tQFF after the inactive transi- 
tion. 

WRITE CYCLE 

The user can write to the DRAM with either an early write or 
page mode early write cycle. Early write mode is discussed 
here, while page mode write operations are covered in a sepa- 
rate section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|jJ. Early write mod e is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS ancl 
tcAS> ancl precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyyQs befor e CAS active transition . Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRv\/|_ and *CWL’ respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
1 024 column locations on a selected row of the module. Read 
acce ss time in page mode (tQAC) is typically half the regular 
RAS clock acces s time, tRAC- Pa 9 e mode operation consists 
of keeping RAS active whil e tog gling CAS between Vjr and 
V|[_. The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column loca- 
tion on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cy cle ar e met, CAS transitions to inacti ve for 
minimum tQp, while R AS re mains low (V||_). The second CAS 
active transition while RAS is low initiates the first page mode 
cycle (tpc). Either a read or write operation can be performed 
in a page mode cycle, subject to the same conditions as in nor- 
mal operation (previously described). These operations can 
be intermixed in consecutive page mode cycles and per- 
formed in any order. The maximum number of consecutive 
page mode cyc les is limited by tRASP- P a 9 e mode operation 
is ended when RAS transitions to inactive, coincident with or 
following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM91430 require refresh every 16 milliseconds, while 
refresh time for the MCM9L1430 is 128 milliseconds. 

This is accomplished by cycling through the 1024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM91430, and 124.8 microsec- 
onds for the MCM9L1430. Burst refresh, a refresh of all 1024 
rows consecutively, must be performed every 1 6 milliseconds 
on the MCM91 430 and 1 28 milliseconds on the MCM9L1 430. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the p articular row d ecode d. Thre e oth- 
er methods of refresh, RAS-only refresh, CAS before RAS 
refresh, and hidden refresh are available on this device for 
greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V|h) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befo re RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh count- 
er that generates the row address to be refreshed. External ad- 
dress lines are ignored during the automatic refresh cycle. The 
output buffer remains at the same state it was in during the pre- 
vious cycle (hidden refresh). Wmu st be inactive for time tyyRp 
before and time ty\/RH after R AS active transition to prevent 
switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pi n. Hol ding CAS active at the 
end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hid den re fresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). W is subject to the same conditions 


with respec t to R AS ac tive tr ansition (to prevent test mode 
cycle) as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The in ternal ref resh counter of this device can be tested with 
a CAS before RAS refresh counter test. This refresh 
counter test is performed with read and write operations. Dur- 
ing this test, the internal refresh counter generates the row 
address, while the external address supplies the column 
address. The entire array is refreshed after 51 2 test cycl es, as 
indicat ed by the check data written in each row. See CAS 
before RAS refresh counter test cycle timing diagrarn. 

The t est ca n be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1 . Write "0”s into all memory cells (normal write mode). 

2. Select a col umn a ddress, and r ead “0” out of the cell by 
performing CAS before RAS refresh counter test, 
read cycle. Repeat this operation 51 2 times. 

3. Select a col umn address and w rite “1 ” into the cell by 
performing CAS before RAS refresh counter test, 
write cycle. Repeat this operation 51 2 times. 

4. Read “1”s (normal read mode), which were written at 
step 3. 

5. Repeat steps 1 to 4 using complement data. 



Figure 1. Hidden Refresh Cycle 
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ORDERING INFORMATION 
(Order by Full Part Number) 



Motorola Memory Prefix 
Part Number 


MCM 91430, 9L1 430 




Speed (70 = ns, 80 = 80 ns, 
10 = 100 ns) 


Package (S = SIMM) 


Full Part Numbers— MCM91 430S70 MCM9L1 430S70 

MCM91430S80 MCM9L1430S80 

MCM91430S10 MCM9L1430S10 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4Mx9 Bit Dynamic Random 
Access Memory Module 

The MCM94000S is a 36M, dynamic random access memory (DRAM) module 
organized as 4,194,304 x 9 bits. The module is a 30-lead single-in-line memory 
module (SIMM) consisting of nine MCM54100A DRAMs housed in a 20/26 J-lead 
small outline packages (SOJ) mounted on a substrate along with a 0.22 pF (min) 
decoupling capacitor mounted under each DRAM. The MCM54100A is a CMOS 
high speed, dynamic random access memory organized as 4,194,304 one-bit 
words and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM94000 = 16 ms 
MCM9L4000 = 128 ms 

• Consists of Nine 4M x 1 DRAMs and Nine 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAC) 

MCM94000S-80 = 80 ns (Max) 

MCM94000S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM94000S-80 and MCM9L4000S-80 = 4.95 W (Max) 

MCM94000S-10 and MCM9L4000S-10 = 4.21 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 99 mW (Max) 

CMOS Levels (MCM94000) = 50 mW (Max) 

(MCM9L4000) = 20 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• CAS Control for Separate I/O Pair 

• Available in Edge Connector (MCM94000S) or Low Height Pin Connector 

(MCM94000LH) 


MCM94000 

MCM9L4000 




30-PIN 

SINGLE IN-LINE PACKAGE 
(TOP VIEW, MCM94000S/9L4000S) 


ycc 

CAS 

DQO 

AO 

A1 

DQ1 

A2 

A3 

Vss 

DQ2 

A4 

A5 

DQ3 

A6 

A7 

DQ4 

A8 

A9 

A10 

DOS 

W 

Vss 

DQ6 

NC 

DQ7 


Q8 

RAS 

CAS8 

D8 

V CC 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 
0 ) 

( 10 ) 

( 11 ) 

( 12 ) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

( 20 ) 
( 21 ) 
( 22 ) 

(23) 

(24) 

(25) 

(26) 
(27) 


(29) 

(30) 


CT 

■o 




□ 




□ 

□ 

=1 




□ 

□ 

□ 




□ 

□ 




□ 

□ 




□ 

□ 




□ 

□ 




□ 

□ 




□ 

□ 




□ 

□ 




□ 

□ 

— i 




i 

□ 

□ 




□ 

o 



PIN NAMES 


A0-A10 

Address Inputs 

DQ0-DQ7 

Data Input/Output 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

CAS8 

Column Address Strobe 

v cc 

Power (+5 V) 

V SS 

Ground 

NC 

No Connection 
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ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to Vqs for Any Pin Except Vqq 

Vin-Vout 

-1 to +7 

V 

Data Out Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

Pd 

5.4 

W 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

Istg 

-25 to +125 

°C 


NOTE : Permanent device damage may occur if ABSOLUTE M AX I M U M R ATI N GS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5 -° V ±10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

•cci 



mA 

2 

MCM94000-80, t R c = 150 ns 


— 

900 



MCM94000-10, t R Q = 180 ns 


— 

765 



Vqc Power Supply Current (Standby) (RAS=CAS=V||_|) 

•CC2 

— 

18 

mA 


Vcc Power Supply Current During RAS Only Refresh Cycles 

•CC3 



mA 

2 

MCM94000-80, t R Q = 150 ns 


— 

900 



MCM94000-10, t R c = 180 ns 


— 

765 



Vqc Power Supply Current During Fast Page Mode Cycle 

•CC4 



mA 

2 

MCM94000-80, t PC = 45 ns 


— 

540 



MCM94000-10, tpc = 55 ns 


— 

450 



Vqc Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) MCM94000 

•CC5 

— 

9 

mA 


MCM9L4000 


— 

3.6 



Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

•CC 6 



mA 

2 

MCM94000-80, t RC = 150 ns 


— 

900 



MCM94000-10, t R Q = 180 ns 


— 

765 



Vqq Power Supply Current, Battery Backup Mode — MCM9L4000 Only 

•CC7 

— 

4.5 

mA 


(t R Q = 1 25 ps; CAS = CAS Before RAS Cycling or 0.2 V; W = Vqq - 0.2 V; 






DQ = Vqq - 0.2 V, 0.2 V or Open; A0-A1 0 = Vqq - 0.2 V or 0.2 V) 






tRAS = Min t0 1 P s 






Input Leakage Current (V 55 < Vj n < Vqq) 

'lka(l) 

-90 

90 

pA 


Output Leakage Current (CAS at Logic 1 , Vqq ^ V out < Vqq) 

•ika(O) 

-20 

20 

pA 


Output High Voltage (Iqh = -5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

— 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance 

A0-A10, W, CAS, RAS 

c in 

60 

PF 

3 


D 8 , CAS 8 


7 

PF 

3 

Input/Output Capacitance 

DQ0-DQ7 

C |/0 

15 

PF 

3 

Output Capacitance (CAS = V| R to Disable Output) 

Q 8 

c out 

10 

PF 

3 


NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V cc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM94000-80 

MCM94000-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

150 

— 

180 

— 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

50 

— 

60 

— 

ns 


Access Time from RAS 

tRELQV 

tRAC 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

45 

— 

55 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 



0 

20 

0 

20 

is 

10 

Transition Time (Rise and Fall) 

*T 

tT 

3 


3 

50 



RAS Precharge Time 

tREHREL 

tRP 

60 


70 

— 



RAS Pulse Width 

tRELREH 


80 




m 


RAS Pulse Width (Fast Page Mode) 

tRELREH 


80 






RAS Hold Time 

tCELREH 



— 


— 



CAS Hold Time 

tRELCEH 

K99!H 

80 

— 


— 



CAS Pulse Width 

tCELCEH 

mm 

20 






RAS to CAS Delay Time 

tRELCEL 


20 

60 

25 

75 

■ 


RAS to Column Address Delay Time 

tRELAV 



40 


50 

12 


CAS to RAS Precharge Time 

tCEHREL 


5 

— 

10 

— 



CAS Precharge Time 

tCEHCEL 

tcp 

10 

— 

10 

— 



Row Address Setup Time 

*AVREL 


0 

— 

0 

— 



Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

15 

— 

ns 


Column Address Setup Time 

UVCEL 

tASC 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 

20 

— 

ns 


Column Address Hold Time Referenced to RAS 

tRELAX 

l AR 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

40 

— 

50 

— 

ns 



(continued) 


NOTES: 

1 . V|h min and Vji_ max are reference levels for measuring timing of input signals. Transition times are measured between V||_| and V||_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V|h and V|[_ (or between V|j_ and V|(_|) in a monotonic manner. 

4. AC measurements ty = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T^ ^ 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 jllA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and Vql = 0.8 V. 

7. Assumes that tRpp ^ tRCD (max). 

8. Assumes that tRCD ^ *RCD (max). 

9. Assumes that tRAD ^ tRAD (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRpp (max) limit ensures that tRAC (max) can be met. tRpp (max) is specified as a reference point only; if tRpp is 
greater than the specified tRpp (max) limit, then access time is controlled exclusively by tQ/\c- 

12. Operation within the tR^p (max) limit ensures that tRAC (max) can be met. tRAp (max) is specified as a reference point only; if tRAP is 
greater than the specified tRAp (max) limit, then access time is controlled exclusively by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM94000-80 

MCM94000-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Command Setup Time 

tWHCEL 

tRCS 

0 

— 

0 

— 

ns 


Read Command Hold Time Referenced to CAS 

tCEHWX 

*RCH 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time Referenced to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time Referenced to CAS 

tCELWH 

tWCH 

15 

— 

20 

— 

ns 


Write Command Hold Time Referenced to RAS 

tRELWH 

tWCR 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

tWLWH 

tWP 

15 

— 

20 

— 



Write Command to RAS Lead Time 

tWLREH 

*RWL 

20 

— 

25 

— 

ns 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

— 

25 

— 

ns 


Data in Setup Time 

*DVCEL 

*ds 

0 

— 

0 

— 

ns 

14, 15 

Data in Hold Time 

tCELDX 

*DH 

15 

— 

20 

— 

ns 

14, 15 

Data in Hold Time Referenced to RAS 

tRELDX 

*DHR 

60 

— 

75 

— 

ns 


Refresh Period MCM94000 

tRVRV 

tRFSH 

— 

16 

— 

16 

ms 


MCM9L4000 



— 

128 

— 

128 



Write Command Setup Time 

tWLCEL 

^WCS 

0 

— 

0 

— 

ns 

15, 16 

CAS Setup Time for CAS Before RAS Refresh 

tRELCEL 

tCSR 

5 

— 

10 

— 

ns 


CAS Hold Time for CAS Before RAS Refresh 

tRELCEH 

*CHR 

15 

— 

20 

— 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS Before RAS Counter Test 

tCEHCEL 

tCPT 

40 

— 

50 

— 

ns 



NOTES: 

13. Either tRRR or tRCH must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in random write cycles. 

15. Early write only (tyvcs - *WCS (min)). 

1 6. twcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyyQs ^ tyvcs ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is 
not satisfied, the condition of the data out (at access time) is indeterminate. 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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HIDDEN REFRESH CYCLE (READ) 



RAS 


V|H- 

V|L- 


tCRP 


m V|H - 

V IL- 



l ASR- 


ADDRESSES 


V, H - 

V| L - 


-t RAS - 


^RC ■ 


-tRCD- 


XL 


- l AR ■ 


- t rad- 


ROW 

ADDRESS 


' l RAH 

S 

_t WCR 


‘ 1 RSH ‘ 


t— tR p— 

* 'RAS *■ 

3 

*■ \ 



— l RAL- 
l ASC 


COLUMN 

ADDRESS 


■ ::: ^xxxxxx: 


DQ V IH“ 
(DATAIN) V|L - 


t DS" 




l CAH 


xxxxxxxxxxxxxxxxxxx 


— t RWL 1 
•— l WCH - 
- l WCS 


t w p- 


xxxxxxxxxxxxxxxxxx 


_t DH ' 


X 


VALID DATA 


-tDHR- 


yxxxxxxxxxxxxxxxxy 
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RAS 


3 


CAS 


ADDRESSES 


READ CYCLE 

DQ 

(DATA OUT) i 


W 

WRITE CYCLE 
W 

DQ 
(DATA IN) 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the RAM. During an extended inactive 
state (greater than 1 6 milliseconds with device powered up), a 
wake up sequence of eight active cycles is necessary to as- 
sure proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the b eginn ing of a memory cycle by two clock s, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 1 -bit address fields. A total of twenty two address bits, 
eleven rows and eleven columns, wil l dec ode one of the 
4,194,304 wo rd loc ations in the device. RAS active transition 
is followed by CAS active transition (active = V|[_, t pcD m in '~ 
mum ) for all read or write cycles. The delay between RAS and 
CAS active transition, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external ad- 
dresses into th e RA M. 

The external CAS signal is ignored until an internal RAS sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQD minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress bus from row to column addresses and 
in generating the CAS clock. 

There are three other va riation s in add ressin g the 4M RAM: 

RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. All three are discussed in separate sections 
that follow. 

READ CYCLE 

The DRAM may be read with two different cycles: “normal” 
random read cycle, and page mode read cycle. The normal 
read cycle is outlined here, while the page mode cycle is dis- 
cussed in a separate section. 

The normal read cycl e beg ins as de scribed in ADDRESS- 
ING THE RAM, with the RAS and CAS active transitions latch- 
ing the desired bit location. The write ( W) inp ut level must be 
high (V|r), tRcs (minimum) before the CAS active transition, 
to enable r ead m ode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the de vice i s independent of the address multiplex 
window. However, CAS must be active before or at tRQQ maxi- 
mum to gu arantee valid data out (DQ) at tRAC (access time 
from RAS active transition). If the tRQQ ma ximum is exceed- 
ed, read access time is determined by the CAS clock active 
transition (tpAC)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and tQAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for the next active 
cycle. DQ is valid, but not latched, as long as the CAS clock is 


active. When the CAS clock transitions to inactive, the output 
will switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with two cycles; early write 
and page mode early write. Early write mode is discussed 
here, while the page mode write operation is covered in 
another section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V||_). Minimum active time tRAS and *CAS> and precharge 
time tRp apply to write mode, as in the read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time tyyQg before CAS active transition . Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and tc WL- respectively, 
after the start of the early write operation to complete the cycle. 

PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the dynamic RAM. 
Read a ccess time in page mode (tQAc) ' s typically half the 
regular RAS clock a cces s time, tRAC- Page m ode o peration 
consists of keeping RAS active w hile t oggling CAS between 
V|r a nd Vn _. The row is latched by RAS active transition, while 
each CAS active transition allows selection of a new-column 
location on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cycle are m et, CAS transitions to inactive for 
minimum of tQp, whiie RA S rem ains low (V|[_). The second 
CAS active transition while RAS is low initiates the first page 
mode cycle (tpo). Either a read or write operation can be per- 
formed in a page mode cycle, subject to the same conditions 
as in normal operation (previously described). These opera- 
tions can be intermixed in consecutive page mode cycles and 
performed in any order. The maximum number of consecutive 
page mode cyc les is limited by tRASP- Page mode operation 
is ended when RAS transitions to inactive, coincident with or 
following CAS inactive transition. 

REFRESH CYCLES 

The dymanic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each byte must be periodi- 
cally refreshed (recharged) to maintain the correct byte state. 
Bytes in the MCM94000 require refresh every 1 6 milliseconds, 
while refresh time for the MCM9L4000 is 128 milliseconds. 

This is accomplished by cycling through the 1 024 row ad- 
dresses in sequence within the specified refresh time. All the 
bytes on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM94000, and 124.8 microsec- 
onds for the MCM9L4000. Burst refresh, a refresh of all 1 024 
rows consecutively, must be performed every 1 6 milliseconds 
on the MCM94000 and 1 28 milliseconds on the MCM9L4000. 

A normal read or write operation to the RAM will refresh all 
the bytes (4096) associated wit h the particular row decod ed. 
Thre e othe r methods of refresh, RAS-only refresh, CAS be- 
fore RAS refresh, and hidden refresh are available on this 
device for greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(V| H ) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counterthat generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in dur- 
ing the previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 


taining valid data at the outpu t pin. Holding CAS active the end 
of a read or write cycle, while RAS cycles inactive for tRp and 
back to active, starts the hi dden r efresh. This is essentially the 
execution of a CAS before RAS refresh from a cycle in prog- 
ress (see Figure 1). 

1. Write “0”s into all memory cells (normal write mode). 

2. Select a colum n addre ss, an d read “0” out of the cell by per- 
forming CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1 024 times. 

3. Select a colum n addre ss, an d write “1 ’’ into the cell by per- 
forming CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 

MEMORY CYCLE . REFRESH CYCLE . REFRESH CYCLE 







\ 

\ 

\ / N 






— HIGH Z— 

\ 

.. / 





— -< 

VALID DATA-OUT 

> 





Figure 1 . Hidden Refresh Cycle 


Motorola Memory Prefix 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 

T 


94000 or 9L4000 X XX 

— r - Ti 


Speed (80 = 80 ns, 1 0 = 1 00 ns) 


Part Number 


Package (S = SIMM, 

LH = Low Height SIP) 


Full Part Numbers— MCM94000S80 
MCM94000S10 


MCM94000LH80 

MCM94000LH10 


MCM9L4000S80 MCM9L4000LH80 

MCM9L4000S10 MCM9L4000LH10 
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TECHNICAL DATA 


Advance Information 

4Mx9 Bit Dynamic Random 
Access Memory Module 

The MCM94000AS is a 36M, dynamic random access memory (DRAM) module 
organized as 4,194,304 x 9 bits. The module is a 30-lead single-in-line memory 
module (SIMM) consisting of nine MCM54100A DRAMs housed in a 20/26 J-lead 
small outline packages (SOJ) mounted on a substrate along with a 0.22 pF (min) 
decoupling capacitor mounted under each DRAM. The MCM54100A is a CMOS 
high speed, dynamic random access memory organized as 4,1 94,304 one-bit words 
and fabricated with CMOS silicon-gate process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only R efres h 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 1024 Cycle Refresh: 

MCM94000A = 1 6 ms 
MCM9L4000A =128 ms 

• Consists of Nine 4M x 1 DRAMs and Nine 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAc) : 

MCM94000AS-60 = 60 ns (Max) 

MCM94000AS-70 = 70 ns (Max) 

MCM94000AS-80 = 80 ns (Max) 

MCM94000AS- 1 0 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM94000AS-60 and MCM9L4000AS-60 = 5.94 W (Max) 

MCM94000AS-70 and MCM9L4000AS-70 = 4.95 W (Max) 

MCM94000AS-80 and MCM9L4000AS-80 = 4.21 W (Max) 

MCM94000AS-1 0 and MCM9L4000AS-10 = 3.72 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 99 mW (Max) 

CMOS Levels (MCM94000A) = 50 mW (Max) 

(MCM9L4000A) = 1 0 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• CAS Control for Separate I/O Pair 

• Available in Edge Connector (MCM94000AS), Pin Connector (MCM94000L, or 

Low Height Pin Connector (MCM94030LH) 

I PIN NAMES | 


A0-A1 0 Address Inputs 

DQ0-DQ7 Data Input/Output 

D8 Data Input 

Q8 Data Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

CAS8 Column Address Strobe 

Vqc Power (+5 V) 

Vgs Ground 

NC No Connection 


MCM94000A 

MCM9L4000A 



30-PIN 

SINGLE IN-LINE PACKAGE 
(TOP VIEW, MCM94000AS/9L4000AS) 


v cc 

CAS 

DQO 

AO 

A1 

DQ1 

A2 

A3 

V SS 

DQ2 


A5 

DQ3 

A6 

A7 

DQ4 

A8 


A10 

DQ5 

W 

V SS 

DQ6 

NC 

DQ7 

Q8 

RAS 

CAS8 

D8 

Vcc 


( 1 ) 

( 2 ) 

(3) 

(4) 

( 5 ) 

( 6 ) 

( 7 ) 

( 8 ) 

( 9 ) 

( 10 ) 
( 11 ) 
( 12 ) 

( 13 ) 

( 14 ) 

( 15 ) 

( 16 ) 

( 17 ) 

( 18 ) 

( 19 ) 

( 20 ) 
( 21 ) 
( 22 ) 

( 23 ) 

( 24 ) 

( 25 ) 

( 26 ) 

( 27 ) 

( 28 ) 

( 29 ) 

( 30 ) 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
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This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

V SS 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 


6.5 

V 

1 

Logic Low Voltage, All Inputs 

V|L 

-1.0 



0.8 

V 

1 


ABSOLUTE MAXIMUM RATING (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to V§s tor Any Pin Except Vqq 

Vjn> ^out 

-1 to +7 

V 

Data Out Current per DQ Pin 

’out 

50 

mA 

Power Dissipation 

PD 

6.3 

W 

Operating Temperature Range 

t a 

0 to +70 

°C 

Storage Temperature Range 

Istg 

-25 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS areex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

MCM94000A-60, t RC = 110 ns 

MCM94000A-70, t RC = 130 ns 

MCM94000A-80, t R Q = 150 ns 

MCM94000A-10, t RC = 180 ns 

•cci 

- 

1080 

900 

765 

675 

mA 

2 

Vqq Power Supply Current (Standby) (RAS = CAS = V| R ) 

'CC2 

— 

18 

mA 


Vqq Power Supply Current During RAS Only Refresh Cycles 

MCM94000A-60, t RC = 110 ns 

MCM94000A-70, t RC = 130 ns 

MCM94000A-80, t RC = 150 ns 

MCM94000A-10, t R Q = 180 ns 

'CC3 

- 

1080 

900 

765 

675 

mA 

2 

Vqq Power Supply Current During Fast Page Mode Cycle 

MCM94000A-60, t PC = 45 ns 

MCM94000A-70, t P Q = 45 ns 

MCM94000A-80, t P Q = 50 ns 

MCM94000A-10, t P Q = 60 ns 

'CC4 

- 

540 

540 

450 

405 

mA 

2,3 

Vqq Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) MCM94000A 

MCM9L4000A 

>CC5 

— 

9 

1.8 

mA 


Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

MCM94000A-60, t RC = 1 1 0 ns 

MCM94000A-70, t R Q = 130 ns 

MCM94000A-80, t RC = 150 ns 

MCM94000A-10, t RC = 180 ns 

'CC6 

- 

1080 

900 

765 

675 

mA 

2 

Vqq Power Supply Current, Battery Backup Mode— MCM9L4000A Only 

(t R Q = 125 ps; CAS = CAS Before RAS Cycling or 0.2 V; W = Vqq - 0.2 V; 

DQ = Vqq - 0.2 V, 0.2 V or Open; A0-A1 0 = Vqq - 0.2 V or 0.2 V) 
t R AS = Min to 1 jus 

>CC7 

| 


2.7 

mA 

2,4 

Input Leakage Current (Vqs ^ Vj n < Vqq) 

'ika(i) 

-90 

90 

pA 


Output Leakage Current (CAS at Logic 1 , Vqs £ Vj n ^ Vqq) 

'lKq(O) J 

-20 

20 

pA 


Output High Voltage (Iqh = -5 mA) 

v OH 

2.4 


V ] 


Output Low Voltage (Iql = 4.2 mA) 

v Ol 

— 

0.4 

v 1 
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CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance 

A0-A10, W, CAS, RAS 

C in 

55 

pF 

5 


D8, CAS8 


17 

PF 

5 

Input/Output Capacitance 

DQ0-DQ7 

c l/0 

22 

PF 

5 

Output Capacitance (CAS = V|r to Disable Output) 

Q8 

p-fiul 

17 

pF 

5 


NOTES: 

1 . All voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. tRAS (max) = 1 ps is only applied to refresh of battery backup. tR A g (max) = 10 ps is applied to functional operating. 

5. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T a = 0 to 70°C, Unless Otherwise Noted) 


READ AND WRITE CYCLES (See Notes 1, 2, 3, and 4) 


94000A-60 

9L4000A-60 


94000A-70 

9L4000A-70 


94000A-80 

9L4000A-80 


94000A-10 

9L4000A-10 


Random Read or Write Cycle 
Time 

Fast Page Mode Cycle Time 


Std 

tRELREL 


Access Time from RAS 

tRELQV 

tRAC 

Access Time from CAS 

tCELQV 

*CAC 

Access Time from Column 

Address 

*AVQV 

*AA 

Access Time from Precharge CAS 

tCEHQV 

*CPA 

CAS to Output in Low-Z 

*CELQX 

*CLZ 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

Transition Time (Rise and Fall) 

*T 

tT 

RAS Precharge Time 

tREHREL 

tRP 

RAS Pulse Width 

tRELREH 

Iras 

RAS Pulse Width (Fast Page 

Mode) 

tRELREH 

tRASP 

RAS Hold Time 

tCELREH 

tRSH 

CAS Hold Time 

tRELCEH 

tCSH 

CAS Precharge to RAS Hold 

Time 

tCEHREH 

tRHCP 


Min 

Max 

Min 

Max Min 

130 

— 

150 

— 180 j 

45 

— 

50 

— 60 

— 

70 

— 

80 — | 

— 


— 

bib 

— 

m 

— 

40 — ! 

! 


CAS Pulse Width 
RAS to CAS Delay Time 


tCELCEH 

Jrelcel 


0 

eh 

0 

20 

KHEH 

0 


3 

50 

3 

50 

3 50 

3 

50 

40 

— 

50 

— 

60 — 

70 

— 

60 

10k 

70 

10k 

80 10 k 

100 

10k 

60 

200 k 

70 

200 k 

80 200 k 

100 

200 k 

20 

— 

20 

— 

20 — 

25 

— 

60 

— 

70 

— 

80 — 

100 

— 

40 

— 

40 

— 

45 — 

55 

— 

20 

10 k 

20 

10k 

20 10 k 

25 

10k 

20 

40 

20 

50 

20 60 

25 

75 



1 RAS to CAS Delay Time 1 tRELCEL I *RCD I 20 1 40 I 20 1 50 | 20 } 60 | 25 | 75 | ns | 11 | 

(continued) 

NOTES: 

1 . V|r min and V||_ max are reference levels for measuring timing of input signals. Transition times are measured between V||_j and V|i_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between V||-| and V||_ (or between V|[_ and Vjr) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRc (min) is used only to indicate cycle time at which proper operation over the full temperature range (0°C < T A £ 
70°C) is assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V 
and V 0L = 0.8 V. 

7. Assumes that tRQD < tRCD (max). 

8. Assumes that tRQQ > tRQD (max). 

9. Assumes that tR A p > tR A D (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

11 . Operation within the tRQD (max) limit ensures that tR A Q (max) can be met. tRQD (max) is specified as a reference point only; if tRQp is 
greater than the specified tRQp (max) limit, then access time is controlled exclusively by tQ A Q. 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

94000A-60 

9L4000A-60 

94000A-70 

9L4000A-70 

94000A-80 

9L4000A-80 

94000A-10 

9L4000A-10 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

RAS to Column Address Delay 

Time 

tRELAV 

*RAD 

15 

30 

15 

35 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

5 

— 

10 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

*ASR 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

tAVCEL 

*ASC 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

*CELAX 

*CAH 

15 

— 

15 

— 

15 

— 

20 

— 

ns 


Column Address to RAS Lead 

Time 

*AVREH 

l RAL 

30 

— 

35 

— 

40 

— 

50 

— 

ns 


Read Command Setup Time 

*WHCEL 

tRCS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Read Command Hold Time 
Referenced to CAS 

tCEHWX 

tRCH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

13 

Read Command Hold Time 
Referenced to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time 
Referenced to CAS 

*CELWH 

tWCH 

10 

— 

15 

— 

15 

— 

20 

— 

ns 


Write Command Pulse Width 

*WLWH 

tWP 

10 

— 

15 

— 

15 

— 

20 

— 

ns 


Write Command to RAS Lead 

Time 

tWLREH 

tRWL 

20 

— 

20 

— 

20 

— 

25 

— 

ns 


Write Command to CAS Lead 

Time 

tWLCEH 

*CWL 

20 

— 

20 

— 

20 

— 

25 

— 

ns 


Data in Setup Time 

tDVCEL 

*DS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

14 

Data in Hold Time 

tCELDX 

*DH 

15 

— 

15 

— 

15 

— 

20 

— 

ns 

14 

Refresh Period MCM94000A 

MCM9L4000A 

tRVRV 

tRFSH 

— 

16 

128 

— 

16 

128 



16 

128 



16 

128 

ms 


Write Command Setup Time 

tWLCEL 

twcs 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

15 

CAS Setup Time for CAS Before 
RAS Refresh 

tRELCEL 

tCSR 

5 

— 

5 

— 

5 

— 

5 

— 

ns 


CAS Hold Time for CAS Before 

RAS Refresh 

tRELCEH 

tCHR 

15 

— 

15 

— 

15 

— 

20 

— 

ns 


RAS Precharge to CAS Active 

Time 

tREHCEL 

tRPC 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


CAS Precharge Time for CAS 
Before RAS Counter Time 

tCEHCEL 

tCPT 

30 

— 

40 

— 

40 

— 

50 

— 

ns 


Write Command Setup Time (Test 
Mode) 

tWLREL 

tWTS 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write Command Hold Time (Test 
Mode) 

tRELWH 

tWTH 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Precharge Time 
(CAS Before RAS Refresh) 

tWHREL 

tWRP 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write to RAS Hold Time (CAS 
Before RAS Refresh) 

tRELWL 

tWRH 

10 

— 

10 

— 

10 

— 

10 

— 

ns 



NOTES: 

12. Operation within the tp^D (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD is 
greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA- 

1 3. Either tRRR or tRQR must be satisfi ed for a read cycle. 

14. These parameters are referenced to CAS leading edge in early write cycles. 

1 5. tyvQs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyvcs - *WCS (min), the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is 
not satisfied, the condition of the data out (at access time) is indeterminate. 
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READ CYCLE 



EARLY WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 
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HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (EARLY WRITE) 


RAS V|H J S 

V|L- 

l CRP -j« 

« tRC — 

«* { RAS ** 

V , 

h — { rp — *• 

F " 



* { RCD 1 

►K- 1 RSH — *• 

Mi 

■n 

l ASR — h 



+ 1 RAD — 

r* H-^AH 

*\ " 
♦ X 

* — *RAL 

*- 1 asc 

- — 1- 

-tCAH 


ADDRESSES^ ADDRESS ^ 

V/ COLUMN V 
ADDRESS 

mmmmmmma 


4 

*■ — { rwl — n 

--twcs 

, 'WRP-K-J L-H — tWRH 

i 

<xxxxxxx; 


m 

1 ds~H 


--t WP . 

l DH 

-1 

1 

“ l “ 7 « <XXXXXX)C 

VALID DATA 

wjmmmmmm 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This must be followed by a minimum of eight 
active cycles of the row address strobe (clock) to initialize all 
dynamic nodes within the module. During an extended inac- 
tive state (greater than 16 milliseconds with the device pow- 
ered up), a wake up sequence of eight active cycles is neces- 
sary to ensure proper operation. 

ADDRESSING THE RAM 

The eleven address pins on the device are time multiplexed 
at the b eginn ing of a memory cycle by two clock s, row address 
strobe (RAS) and column address strobe (CAS), into two sep- 
arate 1 1 -bit address fields. A total of twenty two address bits, 
eleven rows and eleven columns, wil l dec ode one of the 
4,194,304 wo rd loc ations in the device. RAS active transition 
is followed by CAS active transition (active = V|[_, t RCD m ini- 
mum ) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external ad- 
dresses into th e RA M. 

The external CAS signal Is ignored until an intern al RA S sig- 
nal is available. Thi s “gat e” feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the add ress b us from row to column addresses and 
in generating the CAS clock. 

There are three other va riatio ns in ad dress ing the module: 

RAS only refresh cycle, CAS before RAS refresh cycle, 
and page mode. 

READ CYCLE 

The DRAM may be read with either a “normal” random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the other cycles are discussed in separate 
sections. 

The normal read cycle begi ns as described in ADDRESS- 
ING THE RAM, with RAS and CASactive transitions latching 
the desired bit location. The write (W) in put level must be high 
(V|r), tRcs (minimum) before the CAS active transition, to en- 
able read mode . 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the de vice i s independent of the address multiplex 
window; however, CAS must be active before or at tRQQ maxi- 
mum Joguarantee valid data out (DQ) at tRAQ (access time 
from RAS active transition). If the tRQQ ma ximum is exceed- 
ed, read access time is determined by the CAS clock active 
transition (t CA c)- 

The RAS and CAS clocks must remain active for a minimum 
time oHras and *CAS respectively, to complete the read 
cycle. W must remai n hig h t hroug hout the cycle, and for time 
tRRR or tRQR after RAS or CAS inactive transiti on, re spec- 
tively, to maintain the data at that bit location. Once RAS transi- 
tions to inactive, it must remain inactive for a minimum time of 
tRp to precharge the internal device circuitry for t he nex t active 
cycle. DQ is valid, but not latched, as long as the CAS clock is 


active. When the CAS clock transitions to inactive, the output 
will switch to High Z (three-state). 

WRITE CYCLE 

The user can write to the DRAM with either an early write or 
page mode early write cycle. Early write mode is discussed 
here, while page mode write operation is covered elsewhere. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V |jJ. Early write mode is dis tinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tCAS’ and precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is chara cteriz ed by W active transition at 
minimum time \\ncs befor e CAS active transition . Dat a in 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and tcWL> respectively, 
after the start of the early write operation to complete the cycle. 
PAGE MODE CYCLES 

Page mode allows fast successive data operations at all 
2048 column locations on a selected row of the module. Read 
acce ss time in page mode (tQAc) is typically half the regular 
RAS clock acces s time, tRAQ- Page mode operation consists 
of keeping RAS active whil e tog gling CAS between V|r and 
V|l_. The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column loca- 
tion on the row. 

A page mode cycle is initiated by a normal read or write 
cycle, as described in prior sect ions. Once the timing require- 
ments for the first cycle are m et, CAS transitions to inactive for 
minim um of top, while RA S rem ains low (V|[_). The second 
CAS active transition while RAS is low initiates the first page 
mode cycle (tpc). Either a read or write operation can be per- 
formed in a page mode cycle, subject to the same conditions 
as in normal operation (previously described). These opera- 
tions can be intermixed inconsecutive page mode cycles and 
performed in any order. The maximum number of consecutive 
page mode cyc les is limited by tRASP- Page mode operation 
is ended when RAS transitions to inactive, coincident with or 
following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge will tend to de- 
grade with time and temperature. Each bit must be periodically 
refreshed (recharged) to maintain the correct bit state. Bits in 
the MCM94000A require refresh every 16 milliseconds, while 
refresh time for the MCM9L4000A is 128 milliseconds. 

This is accomplished by cycling through the 1 024 row ad- 
dresses in sequence within the specified refresh time. All the 
bits on a row are refreshed simultaneously when the row is ad- 
dressed. Distributed refresh implies a row refresh every 15.6 
microseconds for the MCM94000A, and 124.8 microseconds 
for the MCM9L4000A. Burst refresh, a refresh of all 1 024 rows 
consecutively, must be performed every 16 milliseconds on 
the MCM94000A and 1 28 milliseconds on the MCM9L4000A. 

A normal read or write operation to the RAM will refresh all 
the bits associated with th e par ticular row de coded . Three 
other methods of refresh, RAS-only refresh, CAS before 
RAS refresh, and hidden refresh are available on this device 
for greater system flexibility. 
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RAS-Only Refresh 

RAS-only refresh consists of RAS transit ion to active, latch- 
ing the row address to be refreshed, while CAS remains high 
(Vjh) throughout the cycle. An external counter is employed to 
ensure all rows are refreshed within the specified limit. 

CAS Before RAS Refresh 

CAS befor e RAS refresh is enabled by bringing CAS active 
before RAS. This clock order actives an internal refresh 
counter that generates the row address to be refreshed. Exter- 
nal address lines are ignored during the automatic refresh 
cycle. 

The output buffer remains at the same state it was in during 
the previous cycle (hidden refresh). W mu st be inactive for 
time tyvRp before and time tyvRH after RAS active transition to 
prevent switching the device into a test mode cycle. 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the outpu t pin. Holding CAS active the end 
of a read or write cycle, while RAS cycles inactive for tRp and 
back to active, starts the hi dden r efresh. This is essentially the 
execution of a CAS before RAS refresh from a cycle in prog- 
ress (see Figure 1). W is subject to the same conditions with 


resp ect to RAS a ctive transition (to prevent test mode cycle) 
as in CAS before RAS refresh. 

CAS BEFORE RAS REFRESH COUNTER TEST 
The i nternal r efres h counter of this device can be tested with 
a CAS before RAS refresh counter test. This test is per- 
formed with a read-write operation. During the test, the internal 
refresh counter generates the row address, while the external 
address supplies the column address. The entire array is re- 
freshed after 1 024 cy cles, as indic ated b y the check data writ- 
ten in each row. See CAS before RAS refresh counter test 

cycle timing diagram. 

Th e test can be performed after a minimum of 8 CAS before 
RAS initialization cycles. Test procedure: 

1. Write “0”s into all memory cells (normal write mode). 

2 . Select a colum n addre ss, an d read “0” out of the cell by per- 
forming CAS before RAS refresh counter test, read 
cycle. Repeat this operation 1 024 times. 

3. Select a colum n addre ss, an d write “1 ” into the cell by per- 
forming CAS before RAS refresh counter test, write 
cycle. Repeat this operation 1 024 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 


CAS BEFORE RAS CAS BEFORE RAS 

MEMORY CYCLE . REFRESH CYCLE . REFRESH CYCLE 
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Figure 1 . Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 94000A or 9L4000A X XX 

Speed (60 = 60 ns, 70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 
Package (AS = SIMM, L = SIP, LH = Low Height SIP) 


j 


Full Part Numbers— MCM94000AS60 
MCM94000AS70 
MCM94000AS80 
MCM94000AS1 0 


MCM94000L60 

MCM94000L70 

MCM94000L80 

MCM94000L10 


MCM94030LH60 

MCM94030LH70 

MCM94030LH80 

MCM94030LH10 


MCM9L4000AS60 
MCM9L4000AS70 
MCM9L4000AS80 
MCM9L4000AS1 0 


MCM9L4000L60 

MCM9L4000L70 

MCM9L4000L80 

MCM9L4000L10 


MCM9L4030LH60 
MCM9L4030LH70 
MCM9L4030LH80 
MCM9L4030LH1 0 
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MCM94256 


256K x 9 Bit Dynamic Random 
Access Memory Module 

The MCM94256S is a 2.25M bit, dynamic random access memory (DRAM) 
module organized as 262,144 x 9 bits. The module is a 30-lead single-in-line 
memory module (SIMM) consisting of two MCM514256A DRAMs housed in 
20/26 J-lead small outline packages (SOJ) and one CMOS 256K x 1 DRAM 
housed in an 18-lead PLCC package, mounted on a substrate along with a 
0.22 jxF (min) decoupling capacitor mounted adjacent to each DRAM. The 
MCM51 4256A is a I.Op CMOS high speed, dynamic random access memory 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate 
process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM94256 = 8 ms (Max) 

• Consists of Two 256K x 4 DRAMs, One 256K x 1 DRAM, and 

Three 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAc) : 

MCM94256S-70 = 70 ns (Max) 

MCM94256S-80 = 80 ns (Max) 

MCM94256S-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM94256S-70 * 1 .32 W (Max) 

MCM94256S-80 = 1 .16 W (Max) 

MCM94256S-10 = 1 .05 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 33 mW (Max) 

CMOS Levels = 16.5 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• CAS Control for Separate I/O Pair 




PIN NAMES 


A0-A8 

Address Inputs 

DQ0-DQ7 

Data Input/Output 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

CAS8 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

v cc 

Power (+5 V) 

vss 

Ground 

NC 

No Connection 
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FUNCTIONAL BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to V$s for Any Pin Except Vqq 

Vin.Vout 

-1 to +7 

V 

Data Out Current per DQ Pin 

•out 

50 

mA 

Power Dissipation 

PD 

1.8 

W 

Operating Temperature Range 

t a 

0 to +70 

°C 

Storage Temperature Range 

T stg 

-25 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 


mm 




■ 

■ 

wm 

0 

0 

Logic High Voltage, All Inputs 


mm 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V| L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqq p o wer Supply Current 

'cci 



mA 

2 

MCM94256-70, t RC = 130 ns 


— 

225 



MCM94256-80, t R Q = 150 ns 


_ 

195 



MCM94256-10, t RC = 180 ns 


— 

165 



Vqc Power Supply Current (Standby) (RAS = CAS = V|j_)) 

>CC2 

- 

6 

mA 


Vqq Power Supply Current During RAS only Refresh Cycle 

*CC3 



mA 

2 

MCM94256-70, t R Q = 130 ns 


— 

225 



MCM94256-80, t R Q = 150 ns 


— 

195 



MCM94256-10, t R Q = 180 ns 


— 

165 



Vqq Power Supply Current During Fast Page Mode Cycle 

'CC4 



mA 

2,4 

MCM94256-70, t PC = 40 ns 


— 

160 



MCM94256-80, t P Q = 45 ns 


— 

135 



MCM94256-10, t P Q = 55 ns 


— 

110 



Vqq Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) 

msm 

- 

3 

mA 


Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

'CC6 

■ 




MCM94256-70, t R Q = 1 30 ns 






MCM94256-80, t R Q = 150 ns 


’ 




MCM94256-1 0, t RC = 180 ns 


m 

165 



Input Leakage Current (Vss ^ Vj n < Vqq) 

'lkg<l) 





Output Leakage Current (CAS at Logic 1 , V§s ^ Vj n < Vqq) 

'lkg(O) 

-10 

10 

pA 


Output High Voltage (Iqh = -5 mA) 

v OH 

2.4 

- 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

- 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, = 25°C, Vqq = 5 V, Periodically Sampled Rather Than 1 00% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

Input Capacitance 

A0-A8, W, CAS, RAS 

Cin 

30 

PF 

3 


D8, CAS8 


17 



Input/Output Capacitance 

DQ0-DQ7 

c l/0 

17 

PF 

3 

Output Capacitance 

Q8 

c out 

17 

PF 

3 


NOTES: 

1 . All voltages referenced to Vqs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 

4. Measured with one address transition per page mode cycle. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted 


READ AND WRITE CYCLES (See Notes 1,2,3, and 4) 


Parameter 

Symbol 

MCM94256-70 

MCM94256-80 

MCM94256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

— 

150 

— 

180 

— 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpc 

40 

- 

45 

- 

55 

- 

ns 


Access Time from RAS 

tRELQV 

l RAC 

— 

70 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

tCAC 

— 

20 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

tAA 

— 

35 

— 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

- 

35 

- 

40 

— 

50 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

- 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

- 

60 

— 

70 

- 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

- 

20 

— 

25 

- 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

— 

80 

— 

100 

- 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

10 

- 

ns 


CAS Precharge Time 
(Page Mode Cycle Only) 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

*AVREL 

tASR 

0 

- 

0 

— 

0 

- 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

15 

- 

ns 


Column Address Setup Time 

tAVCEL 

tASC 

0 

- 

0 

- 

0 

- 

ns i 


Column Address Hold Time 

1CELAX 

tCAH 

15 

- 

15 

- 

20 

_ 

ns 


Column Address Hold Time Referenced 
to RAS 

tRELAX 

tAR 

55 

I 

60 

- i 

75 

— 

ns 


Column Address to RAS Lead Time 

tAVREH 

tRAL 

35 

i 

40 

I 

50 

- 

ns 



(continued) 


NOTES: 

1 . V|h min and Vjj_ max are reference levels for measuring timing of input signals. Transition times are measured between V|(-j and V|i_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vm and V||_ (or between V||_ and Vj(_|) in a monotonic manner. 

4. AC measurements ty = 5.0 ns. 

5. The specification for tpQ (min) is only to indicate cycle time at which proper operation over the full temperature range (0°C < T^ £ 70°C) is 
assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 V and 
V 0L = 0.8 V. 

7. Assumes that tRQQ ^ tpQD (max). 

8. Assumes that tpQp > tpQQ (max). 

9. Assumes that tRAD - iRAD (max). 

10. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRco (max) limit ensures that tRAC (max) can be met. tRQD (max) is specified as a reference point only; iftRQp is greater 
than the specified tRQD (max) limit, then access time is controlled exclusively by tQAC- 

1 2. Operation within the tRAD (max) limit ensures that tRAC (max) can be met. tRAD (max) is specified as a reference point only; if tRAD ' s greater 
than the specified tRAD (max), then access time is controlled by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM94256-70 

MCM94256-80 

MCM94256-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Command Setup Time 

tWHCEL 

*RCS 

0 

- 

0 


0 

— 

ns 


Read Command Hold Time Referenced 
to CAS 

tCEHWX 

*RCH 

0 

— 

0 

_ 

0 

— 

ns 

13 

Read Command Hold Time Referenced 
to RAS 

tREHWX 

*RRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time Referenced 
to CAS 

tCELWH 

*WCH 

15 

— 

15 

— 

20 

— 

ns 


Write Command Hold Time Reference 
to RAS 

tRELWH 

*WCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

tyVLWH 

twp 

15 

- 

15 

- 

20 

- 

ns 


Write Command to RAS Lead Time 

*WLREH 

*RWL 

20 

— 

20 

— 

25 

— 

ns 


Write Command to CAS Lead Time 

tWLCEH 

*CWL 

20 

— 

20 

— 

25 

— 

ns 


Data in Setup Time 

l DVCEL 

*DS 

0 

- 

0 

— 

0 

— 

ns 

14 

Data in Hold Time 

*CELDX 

*DH 

15 

— 

15 

— 

20 

— 

ns 

14 

Data in Hold Time Referenced to RAS 

tRELDX 

*DHR 

55 

— 

60 

— 

75 

— 

ns 


Refresh Period 

tRVRV 

tRFSH 

— 

8 

- 

8 

- 

8 



Write Command Setup Time 

tyVLCEL 

twcs 

0 

— 

0 

— 

0 

— 


15 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

*CSR 

10 

— 


— 

10 

— 



CAS Hold Time for CAS Before RAS 
Refresh 

tRELCEH 

*CHR 

30 

— 

30 

— 

30 

— 

ns 


CAS Precharge to CAS Active Time 

tREHCEL 

tRPC 

0 

— 

0 

- 

0 

— 

ns 


CAS Precharge Time for CAS Before 
RAS Counter Test 

tCEHCEL 

tCPT 

40 

— 

40 

— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

— 

10 

- 

15 

- 

ns 


Fast Page Mode Cycle Time 

tCELCELP 

iPCP 

45 

- 

45 

- 

55 

- 

ns 

16 

Output Buffer and Turn-Off Delay 

tCEHQZP 

tOFFP 

0 

25 

0 

25 

0 

25 

ns 

10, 16 

Access Time from Precharge CAS 

tCEHQVP 

tCPAP 

— 

45 

— 

45 

- 

50 

ns 

6, 16 


NOTES: 

1 3. Either tppn or *RCH must be satisf ied fo r a read cycle. 

14. These parameters are reference to CAS leading edge in random write cycles. 

1 5. tyvQs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyycs - *WCS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisfied, the condition of the data out (at access time) is indeterminate. 

1 6. This parameter applies to the parity bit only. 
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FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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CAS BEFORE RAS REFRESH CYCLE 
(W And AO to A8 are Don’t Care) 
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RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA IN) 


HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (WRITE) 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (RAS) to initialize all 
dynamic nodes within the module. During an extended inac- 
tive state (greater than 8 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
at the beginning of the memory cycle by two clocks row ad- 
dress strobe (RAS) and column address strobe (CAS), into 
two separate 9-bit address fields. A total of eighteen address 
bits, nine rows and nine columns, will decode one of the 
262,1 44 word locations in the device. RAS active transition is 
followed by CAS active transition (active = Vj|_, tpQo mini- 
mum) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external ad- 
dresses into the RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This gate feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQp minimum). 
The multiplex window can be used to absorb skew delays in 
switching the address bus from row to column addresses and 
in generating the CAS clock. 

There are two other variations in addressing the module: 
RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with either a normal random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(V||_j), tRQs (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the device is independent of the address multi- 
plex window. CAS controls read access time: CAS must be 
active before or at tRQo maximum to guarantee valid data out 
(DQ) at tRAC (access time from RAS active transition). If the 
tRco maximum is exceeded, read access time is determined 
by the CAS clock active transition (tcAC)- 

The RAS and CAS clocks must remain active for a 
minimum time fo tRAS and tQAS> respectively, to complete 
the read cycle. W must remain high throughout the cycle, and 
for time tRRR or tRCH after RAS or CAS inactive transition, 
respectively, to maintain the data at that bit location. Once 


RAS transitions to inactive, it must remain inactive for a 
minimum time of tRp to precharge the internal device circuitry 
for the next active cycle. DQ is valid, but not latched, as long as 
the CAS clock is active. When the CAS clock transitions it 
inactive, the output will switch to High Z, tQFF after inactive 
transition. 

WRITE CYCLE 

The D RAM may be written with either an early write or page 
mode early write cycle. Early write mode is discussed here, 
while the page mode write operation is covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|l_). Early write mode is distinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS an d 
tCAS* and precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is characterized by W active transition 
at minimum time tyycs before CAS active transition. Data In 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and l CWL> 
respectively, after the start of the early write operation to 
complete the cycle. 

PAGE-MODE CYCLES 

Page mode allows fast successive data operations at all 
512 column locations on a selected row of the module. Read 
access time in page mode OCAC) is typically half the regular 
RAS clock access time, tRAC- Pa 9® mode operation consists 
of keeping RAS active while toggling CAS between V|r and 
V||_. The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column loca- 
tion on the row. 

The page mode cycle is initiated by a normal read or write 
cycle, as described in prior sections. Once the timing require- 
ments for the first cycle are met, CAS transitions to inactive for 
minimum tQp, while RAS remains low (V||_). The second CAS 
active transition while RAS is low initiates the first page mode 
cycle (tpc). Either a read or write operation can be performed 
in a page mode cycle, subject to the same conditions as in nor- 
mal operation (previously described). These operations can 
be intermixed in consecutive page mode cycles and per- 
formed in any order. The maximum number of consecutive 
page mode cycles is limited by tRASP- Pa 9 e mode operation 
is ended when RAS transitions to inactive, coincident with or 
following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in the 
MCM94256 require refresh every 8 milliseconds, while re- 
fresh time for the MCM9L4256 is 64 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row is 
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addressed. Distributed refresh implies a row refresh every 
15.6 microseconds for the MCM94256, and 124.8 microsec- 
onds for the MCM9L4256. Burst refresh, a refresh of all 512 
rows consecutively, must be performed every 8 milliseconds 
on the MCM94256 and 64 milliseconds on the MCM9L4256. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the particular row decoded. Three oth- 
er methods of refresh, RAS only refresh, CAS before RAS 
refresh, and Hidden refresh are available on this device for 
greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, 
latching the row address to be refreshed, while CAS remains 
high (V|h) throughout the cycle. An external counter is 
employed to ensure all rows are refreshed within the specified 
limit. 

CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Ex- 
ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pin. Holding CAS active at the 


end of a read or write cycle, while RAS cycles inactive for tRp 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 
counter test is performed with read and write operations. Dur- 
ing this test, the internal refresh counter generates the row ad- 
dress, while the external address input supplies the column 
address. The entire array is refreshed after 51 2 test cycles, as 
indicated by the check data written in each row. See CAS be- 
fore RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1 . Write “0”s into all memory cells (normal write mode). 

2. Select a co lumn addres s, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 512 times. 

3. Select a colum n a ddres s, and write “1 ” into the cell by per- 
forming CAS and RAS refresh counter test, write cycle. 
Repeat this operation 512 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1. Hidden Refresh Cycle 

ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 


Motorola Memory Prefix 


94256 x xx 

T T T 


Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 


Part Number 


Package (S = SIMM) 


Full Part Number - MCM94256S70 
MCM94256S80 
MCM94256S10 
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TECHNICAL DATA 


MCM94256A 


256K x 9 Bit Dynamic Random 
Access Memory Module 

The MCM94256AS is a 2.25M bit, dynamic random access memory 
(DRAM) module organized as 262,144 x 9 bits. The module is a 30-lead 
single-in-line memory module (SIMM) consisting of two MCM514256A 
DRAMs housed in 20/26 J-lead small outline packages (SOJ) and one 
MCM51 10004 1M x 1 DRAM, mounted on a substrate along with a 0.22 pF 
(min) decoupling capacitor mounted adjacent to each DRAM. The 
MCM514256A is a 1 .Op CMOS high speed, dynamic random access memory 
organized as 262,144 four-bit words and fabricated with CMOS silicon-gate 
process technology. 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• Fast Page Mode Capability 

• TTL-Compatible Inputs and Outputs 

• RAS Only Refresh 

• CAS Before RAS Refresh 

• Hidden Refresh 

• 512 Cycle Refresh: 

MCM94256A = 8 ms (Max) 

• Consists of Two 256K x 4 DRAMs, One 1 M x 1 DRAM, and 

Three 0.22 pF (Min) Decoupling Capacitors 

• Unlatched Data Out at Cycle End Allows Two Dimensional Chip Selection 

• Fast Access Time (tRAc) : 

MCM94256AS-70 = 70 ns (Max) 

MCM94256AS-80 = 80 ns (Max) 

MCM94256AS-10 = 100 ns (Max) 

• Low Active Power Dissipation: 

MCM94256AS-70 = 1 .32 W (Max) 

MCM94256AS-80 = 1 .1 6 W (Max) 

MCM94256AS-1 0 = 0.99 W (Max) 

• Low Standby Power Dissipation: 

TTL Levels = 33 mW (Max) 

CMOS Levels = 16.5 mW (Max) 

• CAS Control for Eight Common I/O Lines 

• CAS Control for Separate I/O Pair 




PIN NAMES 


A0-A8 

Address Inputs 

DQ0-DQ7 

Data Input/Output 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

CAS8 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

v cc 

Power (+5 V) 

v S s 

Ground 

NC 

No Connection 
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FUNCTIONAL BLOCK DIAGRAM 



ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-1 to +7 

V 

Voltage Relative to V$s for Any Pin Except Vqq 

Vin.V 0U t 

-1 to +7 

V 

Data Out Current per DQ Pin 

*out 

50 

mA 

Power Dissipation 

PD 

1.8 

W 

Operating Temperature Range 

Ta 

0 to +70 

°C 

Storage Temperature Range 

CD 

-25 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C c = 5.0 V ± 1 0%, T a = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Notes 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

1 

v ss 

0 

0 

0 

Logic High Voltage, All Inputs 

V|H 

2.4 

— 

6.5 

V 

1 

Logic Low Voltage, All Inputs 

V| L 

-1.0 

— 

0.8 

V 

1 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Notes 

Vqc Power Supply Current 

•cci 



mA 

2 

MCM94256A-70, t RC = 130 ns 


— 

240 



MCM94256A-80, t R c = 150 ns 


— 

210 



MCM94256A-10, t RC = 180 ns 


— 

180 



Vqc Power Supply Current (Standby) (RAS = CAS = V| R ) 

'CC2 

- 

6 

mA 


Vqq Power Supply Current During RAS only Refresh Cycle 

'CC3 



mA 

2 

MCiyi94256A-70, t RC = 130 ns 


— 

240 



MCM94256A-80, t RC = 150 ns 


— 

210 



MCM94256A-10, t R Q = 180 ns 


— 

180 



Vqq Power Supply Current During Fast Page Mode Cycle 

•CC4 



mA 

2,3 

MCM94256A-70, t P Q = 40 ns 


— 

180 



MCM94256A-80, t PC = 45 ns 


— 

150 



MCM94256A-1 0, t PC = 55 ns 


— 

120 



Vcc Power Supply Current (Standby) (RAS = CAS = Vqq - 0.2 V) 

'CC5 

- 

3 

mA 


Vqq Power Supply Current During CAS Before RAS Refresh Cycle 

>CC6 



mA 

2 

MCM94256A-70, t R Q = 130 ns 


— 

240 



MCM94256A-80, t RC = 1 50 ns 


— 

210 



MCM94256A-1 0, t R Q = 1 80 ns 


— 

180 



Input Leakage Current (Vqs ^ Vj n ^ Vqq) 

'iKg(i) 

-30 

30 

pA 


Output Leakage Current (CAS at Logic 1 , V§s ^ Vj n < Vqq) 

'ikg(O) 

-10 

10 

pA 


Output High Voltage (Iqh = -5 mA) 

v OH 

2.4 

— 

V 


Output Low Voltage (Iql = 4.2 mA) 

v OL 

- 

0.4 

V 



CAPACITANCE (f = 1 .0 MHz, T A = 25°C, V cc = 5 V, Periodically Sampled Rather Than 1 00% Tested) 


Parameter 

Symbol 

Max 

Unit 

Notes 

input Capacitance 

A0-A8, W, CAS, RAS 

c in 

31 

PF 

4 


D8, CAS8 


17 



Input/Output Capacitance 

DQ0-DQ7 

°l/0 

17 

PF 

4 

Output Capacitance 

Q8 

c out 

17 

PF 

4 


NOTES: 

1 . Ail voltages referenced to Vgs- 

2. Current is a function of cycle rate and output loading; maximum current is measured at the fastest cycle rate with the output open. 

3. Measured with one address transition per page mode cycle. 

4. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C = lAt/AV. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, = 0 to 70°C, Unless Otherwise Noted 


READ AND WRITE CYCLES (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM94256A-70 

MCM94256A-80 

MCM94256A-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Random Read or Write Cycle Time 

tRELREL 

tRC 

130 

— 

150 

- 

180 

— 

ns 

5 

Page Mode Cycle Time 

tCELCEL 

tpC 

40 

— 

45 

— 

55 

- 

ns 


Access Time from RAS 

tRELQV 

*RAC 

- 

70 

— 

80 

— 

100 

ns 

6,7 

Access Time from CAS 

tCELQV 

*CAC 

— 

20 

— 

20 

— 

25 

ns 

6,8 

Access Time from Column Address 

tAVQV 

*AA 

- 

35 

— 

40 

— 

50 

ns 

6,9 

Access Time from Precharge CAS 

tCEHQV 

tCPA 

— 

35 

— 

40 

- 

50 

ns 

6 

CAS to Output in Low-Z 

tCELQX 

tCLZ 

0 

— 

0 

— 

0 

— 

ns 

6 

Output Buffer and Turn-Off Delay 

tCEHQZ 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

10 

Transition Time (Rise and Fall) 

tT 

tT 

3 

50 

3 

50 

3 

50 

ns 


RAS Precharge Time 

tREHREL 

tRP 

50 

- 

60 

— 

70 

— 

ns 


RAS Pulse Width 

tRELREH 

tRAS 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


RAS Pulse Width (Fast Page Mode) 

tRELREH 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS Hold Time 

tCELREH 

tRSH 

20 

— 

20 

— 

25 

— 

ns 


CAS Hold Time 

tRELCEH 

tCSH 

70 

- 

80 

— 

100 

— 

ns 


CAS Pulse Width 

tCELCEH 

tCAS 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


RAS to CAS Delay Time 

tRELCEL 

tRCD 

20 

50 

20 

60 

25 

75 

ns 

11 

RAS to Column Address Delay Time 

tRELAV 

tRAD 

15 

35 

15 

40 

20 

50 

ns 

12 

CAS to RAS Precharge Time 

tCEHREL 

tCRP 

5 

— 

5 

— 

10 

— 

ns 


CAS Precharge Time 
(Page Mode Cycle Only) 

tCEHCEL 

tCP 

10 

— 

10 

— 

10 

— 

ns 


Row Address Setup Time 

tAVREL 

tASR 

0 

— 

0 

— 

0 

— 

ns 


Row Address Hold Time 

tRELAX 

tRAH 

10 

— 

10 

— 

15 

— 

ns 


Column Address Setup Time 

tAVCEL 

tASC 

0 

— 

0 

— 

0 

— 

ns 


Column Address Hold Time 

tCELAX 

tCAH 

15 

— 

15 

— 

20 

— 

ns 


Column Address Hold Time Referenced 
to RAS 

tRELAX 

tAR 

55 

— 

60 

— 

75 

— 

ns 


Column Address to RAS Lead Time 

*AVREH 

tRAL 

36 

— 

40 

- 

50 

- 

ns 



(continued) 


NOTES: 

1 . V||_| min and V|l max are reference levels for measuring timing of input signals. Transition times are measured between Vm and V|j_. 

2. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles before proper device operation is guaranteed. 

3. The transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must 
transition between Vjh and V|i_ (or between V|[_ and V|j-j) in a monotonic manner. 

4. AC measurements tj = 5.0 ns. 

5. The specification for tRQ (min) is used only to indicate cycle time at which proper operation over the full temperature range (0 o C<Ta<70 o C) is 
assured. 

6. Measured with a current load equivalent to 2 TTL (-200 pA, +4 mA) loads and 1 00 pF with the data output trip points set at Vqh = 2.0 v a nd 
Vql = 0.8 V. 

7. Assumes that tRQp ^ tRCD (max). 

8. Assumes that tRQp > tRQp (max). 

9. Assumes that tR/\p ^ tR/\p (max). 

1 0. tQFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

1 1 . Operation within the tRQp (max) limit ensures that tRAQ (max) can be met. tRQp (max) is specified as a reference point only; if tRQ p is greater 
than the specified tRQp (max) limit, then access time is controlled exclusively by tQAQ. 

1 2. Operation within the tRAD (max) limit ensures that tRAQ (max) can be met. tRAp (max) is specified as a reference point only; if tRAp is greater 
than the specified tRAp (max), then access time is controlled by tAA- 
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READ AND WRITE CYCLES (Continued) 


Parameter 

Symbol 

MCM94256A-70 

MCM94256A-80 

MCM94256A-10 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Command Setup Time 

tWHCEL 

IffraB 

0 

— 

0 

— 

0 

— 

m 


Read Command Hold Time Referenced 
to CAS 

tCEHWX 


0 

— 

0 

— 

0 

— 


13 

Read Command Hold Time Referenced 
to RAS 

tREHWX 

tRRH 

0 

— 

0 

— 

0 

— 

ns 

13 

Write Command Hold Time Referenced 
to CAS 

tCELWH 

*WCH 


— 


— 


— 

ns 


Write Command Hold Time Reference 
to RAS 

tRELWH 

*WCR 

55 

— 

60 

— 

75 

— 

ns 


Write Command Pulse Width 

*WLWH 

t W p 


— 


— 

20 

— 

j£9 


Write Command to RAS Lead Time 

tWLREH 

*RWL 

20 

— 


— 


— 

n 





20 

— 


— 


— 



Data in Setup Time 



0 

— 

0 

— 

0 

— 


14, 15 

Data in Hold Time 

WSSSM 


15 

— 

mm 

— 


— 


14, 15 

Data in Hold Time Referenced to RAS 



55 

— 


- 


- 



Refresh Period 



- 

8 

— 

8 

— 

8 

ms 


Write Command Setup Time 

tWLCEL 

*wcs 

0 

— 

0 

— 

0 

— 

ns 

mm 

CAS Setup Time for CAS Before RAS 
Refresh 

tRELCEL 

tCSR 

10 

— 

10 

— 

10 

— 

ns 

■ 

CAS Hold Time for CAS Before RAS 
Refresh 



30 

— 

30 

— 

30 

— 

ns 


CAS Precharge to CAS Active Time 



0 

— 

0 

— 

0 

- 

ns 


CAS Precharge Time for CAS Before 
RAS Counter Test 

tCEHCEL 

*CPT 

40 

— 


— 

50 

— 

ns 


CAS Precharge Time 

tCEHCEL 

tCPN 

10 

— 

10 

— 

15 

- 

ns 



NOTES: 

13. Either tRRR or tRQR must be satisf ied fo r a read cycle. 

14. These parameters are reference to CAS leading edge in random write cycles. 

1 5. Early write only (tyvcs - twcs (min)). 

1 6. tyvcs is not a restrictive operating parameter. It is included in the data sheet as an electrical characteristic only; if tyvcs - *WCS ( min )> the 
cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire cycle. If this condition is not 
satisfied, the condition of the data out (at access time) is indeterminate. 
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FAST PAGE MODE READ CYCLE 




FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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M CM 94256 A 


RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA OUT) 


RAS 


CAS 


ADDRESSES 


W 


DQ 

(DATA IN) 


HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (WRITE) 
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RAS 


3 


CAS 

ADDRESSES 

READ CYCLE 

DQ 

(DATA OUT) 

W 

WRITE CYCLE 

W 

DQ 

(DATA IN) 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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DEVICE INITIALIZATION 

On power-up an initial pause of 200 microseconds is re- 
quired for the internal substrate generator to establish the cor- 
rect bias voltage. This is to be followed by a minimum of eight 
active cycles of the row address strobe (RAS) to initialize all 
dynamic nodes within the module. During an extended inac- 
tive state (greater than 8 milliseconds with the device powered 
up), a wake up sequence of eight active cycles is necessary to 
assure proper operation. 

ADDRESSING THE RAM 

The nine address pins on the device are time multiplexed 
at the beginning of the memory cycle by two clocks row ad- 
dress strobe (RAS) and column address strobe (CAS), into 
two separate 9-bit address fields. A total of eighteen address 
bits, nine rows and nine columns, will decode one of the 
262,1 44 word locations in the device. RAS active transition is 
followed by CAS active transition (active = V||_, tpQD mini- 
mum) for all read or write cycles. The delay between RAS and 
CAS active transitions, referred to as the multiplex window, 
gives a system designer flexibility in setting up the external ad- 
dresses into the RAM. 

The external CAS signal is ignored until an internal RAS 
signal is available. This gate feature on the external CAS clock 
enables the internal CAS line as soon as the row address hold 
time (tRAH) specification is met (and defines tRQQ minimum). 
The multiplex window can be used to absorb skew delays in 
switching the address bus from row to column addresses and 
in generating the CAS clock. 

There are two other variations in addressing the module: 
RAS only refresh cycle and CAS before RAS refresh 
cycle. Both are discussed in separate sections that follow. 

READ CYCLE 

The DRAM may be read with either a normal random read 
cycle or a page mode read cycle. The normal read cycle is out- 
lined here, while the page mode cycle is discussed in a sepa- 
rate section. 

The normal read cycle begins as described in ADDRESS- 
ING THE RAM, with RAS and CAS active transitions latching 
the desired bit location. The write (W) input level must be high 
(V||_|), tRQs (minimum) before the CAS active transition, to 
enable read mode. 

Both the RAS and CAS clocks trigger a sequence of events 
which are controlled by several delayed internal clocks. The 
internal clocks are linked in such a manner that the read ac- 
cess time of the device is independent of the address multi- 
plex window. CAS controls read access time: CAS must be 
active before or at tRQQ maximum to guarantee valid data out 
(DQ) at tRAC (access time from RAS active transition). If the 
tRco maximum is exceeded, read access time is determined 
by the CAS clock active transition (tcAC)* 

The RAS and CAS clocks must remain active for a 
minimum time fo tRAS and *CAS’ respectively, to complete 
the read cycle. W must remain high throughout the cycle, and 
for time tRRR or tRQR after RAS or CAS inactive transition, 
respectively, to maintain the data at that bit location. Once 


RAS transitions to inactive, it must remain inactive for a 
minimum time of tRp to precharge the internal device circuitry 
for the next active cycle. DQ is valid, but not latched, as long as 
the CAS clock is active. When the CAS clock transitions it 
inactive, the output will switch to High Z, tQFF after inactive 
transition. 

WRITE CYCLE 

The DRAM may be written with either an early write or page 
mode early write cycle. Early write mode is discussed here, 
while the page mode write operation is covered in another 
section. 

A write cycle begins as described in ADDRESSING THE 
RAM. Write mode is enabled by the transition of W to active 
(V|[_). Early write mode is distinguished by the active transition 
of W, with respect to CAS. Minimum active time tRAS and 
tCAS> and precharge time tRp apply to write mode, as in the 
read mode. 

An early write cycle is characterized by W active transition 
at minimum time tyvcs before CAS active transition. Data In 
(DQ) is referenced to CAS in an early write cycle. RAS and 
CAS clocks must stay active for tRWL and *CWL> 
respectively, after the start of the early write operation to 
complete the cycle. 

PAGE-MODE CYCLES 

Page mode allows fast successive data operations at all 
512 column locations on a selected row of the module. Read 
access time in page mode (tQAC) is typically half the regular 
RAS clock access time, tRAC- Pa 9 e mode operation consists 
of keeping RAS active while toggling CAS between V|r and 
V||_. The row is latched by RAS active transition, while each 
CAS active transition allows selection of a new column loca- 
tion on the row. 

The page mode cycle is initiated by a normal read or write 
cycle, as described in prior sections. Once the timing require- 
ments for the first cycle are met, CAS transitions to inactive for 
minimum tQp, while RAS remains low (Vj|_). The second CAS 
active transition while RAS is low initiates the first page mode 
cycle (tpQ). Either a read or write operation can be performed 
in a page mode cycle, subject to the same conditions as in nor- 
mal operation (previously described). These operations can 
be intermixed in consecutive page mode cycles and per- 
formed in any order. The maximum number of consecutive 
page mode cycles is limited by tRASP- Pa 9 e mode operation 
is ended when RAS transitions to inactive, coincident with or 
following CAS inactive transition. 

REFRESH CYCLES 

The dynamic RAM design is based on capacitor charge 
storage for each bit in the array. This charge degrades with 
time and temperature, thus each bit must be periodically re- 
freshed (recharged) to maintain the correct bit state. Bits in the 
MCM94256A require refresh every 8 milliseconds. 

Refresh is accomplished by cycling through the 512 row 
addresses in sequence within the specified refresh time. All 
the bits on a row are refreshed simultaneously when the row is 
addressed. Distributed refresh implies a row refresh every 
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15.6 microseconds for the MCM94256A. Burst refresh, a re- 
fresh of all 51 2 rows consecutively, must be performed every 8 
milliseconds. 

A normal read or write operation to the RAM will refresh all 
the bits associated with the particular row decoded. Three oth- 
er methods of refresh, RAS only refresh, CAS before RAS 
refresh, and Hidden refresh are available on this device for 
greater system flexibility. 

RAS-Only Refresh 

RAS-only refresh consists of RAS transition to active, 
latching the row address to be refreshed, while CAS remains 
high (V|h) throughout the cycle. An external counter is 
employed to ensure all rows are refreshed within the specified 
limit. 

CAS Before RAS Refresh 

CAS before RAS refresh is enabled by bringing CAS active 
before RAS. This clock order activates an internal refresh 
counter that generates the row address to be refreshed. Ex- 
ternal address lines are ignored during the automatic refresh 
cycle. The output buffer remains at the same state it was in 
during the previous cycle (hidden refresh). 

Hidden Refresh 

Hidden refresh allows refresh cycles to occur while main- 
taining valid data at the output pin. Holding CAS active at the 


end of a read or write cycle, while RAS cycles inactive for tpp 
and back to active, starts the hidden refresh. This is essentially 
the execution of a CAS before RAS refresh from a cycle in 
progress (see Figure 1). 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh counter of this device can be tested 
with a CAS before RAS refresh counter test. This refresh 
counter test is performed with read and write operations. Dur- 
ing this test, the internal refresh counter generates the row ad- 
dress, while the external address input supplies the column 
address. The entire array is refreshed after 51 2 test cycles, as 
indicated by the check data written in each row. See CAS be- 
fore RAS refresh counter test cycle timing diagram. 

The test can be performed only after a minimum of 8 CAS 
before RAS initialization cycles. The test procedure is as 
follows: 

1 . Write “0”s into all memory cells (normal write mode). 

2. Select a co lumn addres s, and read “0” out of the cell by 
performing CAS before RAS refresh counter test, read 
cycle. Repeat this operation 51 2 times. 

3. Select a colum n a ddres s, and write “1 ” into the cell by per- 
forming CAS and RAS refresh counter test, write cycle. 
Repeat this operation 512 times. 

4. Read “1 ”s (normal read mode), which were written at step 
3. 

5. Repeat steps 1 to 4 using complement data. 
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Figure 1 . Hidden Refresh Cycle 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 94256A x 


Motorola Memory Prefix' 



Speed (70 = 70 ns, 80 = 80 ns, 10 = 100 ns) 


Part Number 1 I 

Full Part Number - MCM94256AS70 
MCM94256AS80 
MCM94256AS10 


Package (S = SIMM) 
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SEMICONDUCTOR 

TECHNICAL DATA 


MCM2018A 


Fast 1 6K Bit Static RAM 


The MCM2018A is a 16,384 bit static random access memory organized as 2048 
words by 8 bits, fabricated using Motorola's high-performance silicon-gate MOS 
(HMOS) technology. It uses an innovative design approach which combines the 
ease-of-use features of fully static operation (no external clocks or timing strobes 
required) with the reduced standby power dissipation associated with clocked 
memories. To the user this means low standby power dissipation without the need 
for address setup and hold times, nor reduced data rates due to cycle times that 
are longer than access times. Perfect for cache and sub-100 ns buffer memory sys- 
tems, this high speed static RAM is intended for applications that demand superior 
performance and reliability. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a 
chip control that affects power consumption. In less than a cycle time after E goes 
high, the part automatically reduces its power requirements and remains in this 
low-power standby mode as long as E remains high. This feature provides signifi- 
cant system-level power savings. 

The MCM2018A is in a 24-pin dual-in-line 300 mil wide package with the indus- 
try standard JEDEC approved pinout. 

• Single + 5 V Operation, ±10% 

• Fully Static: No Clock or Timing Strobe Required 

• Fast Access Time: MCM2018A-35 = 35 ns (Maximum) 

MCM2018A-45 = 45 ns (Maximum) 

• Power Supply Current: 135 mA Maximum (Active) 

20 mA Maximum (Standby) 

• Three-State Output 

BLOCK DIAGRAM 




PIN ASSIGNMENT 

A7[ 

1 • 

24 

] v cc 

A6[ 

2 

23 

]A8 

A5 [ 

3 

22 

]A9 

A4 [ 

4 

21 

]w 

A3 [ 

5 

20 

]G 

A2 [ 

6 

19 

3 A10 

All 

7 

18 

]E 

AO [ 

8 

17 

] DQ7 

DQO [ 

9 

16 

]DQ6 

DQ1 [ 

10 

15 

3 DQ5 

DQ2 [ 

11 

14 

] DQ4 

VssE 

12 

13 

]DQ3 


PIN NAMES 


A0-A10 Address Input 

DQ0-DQ7 Data Input/Output 

W Write Enable 

G Output Enable 

E Chip Enable 

Vqq +5V Power Supply 

Vgs Ground 
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MODE SELECTION 


Mode 

E 

G 

W 

Vcc Current 

DQ 

Standby 

H 

X 

X 

•SB 

High Z 

Read 

L 

L 

H 

*CC 

Q 

Write Cycle 

L 

X 

L 

>CC 

D 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage on Any Pin With Respect to Vgs 

v in» v out 

-0.5 to +7.0 

V 

DC Output Current 

'out 

±20 

mA 

Power Dissipation 

PD 

1.1 

Watt 

Temperature Under Bias 

T bias 

-10 to +80 

°C 

Operating Temperature Range 

t a 

Oto +70 

°C 

Storage Temperature Range 

T stg 

-65 to + 150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

vcc 

4.5 

5.0 

5.5 

V 

vss 

0 

0 

0 

V 

Input Voltage 

V| H 

2.0 

3.0 

6.0 

V 

V| L 

-0.5* 

0 

0.8 

V 


*The device will withstand undershoots to the -2.5 volt level with a maximum pulse width of 50 ns. This is periodically sampled rather than 
100% tested. 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (Vcc = 5.5 V, Vj n = GND to Vcc) 

hkg(l) 

-1.0 

1.0 

m a 

Output Leakage Current (E = V|h or G = Vm, V|/q = GND to Vcc) 

'lkg(O) 

-1.0 

1.0 

#*A 

Operating Power Supply Current (E = V||_, Ij/q = 0 mA) 

'CC 

- 

135 

mA 

Standby Power Supply Current (E = V|j-j) 

>SB 

- 

20 

mA 

Output Low Voltage 0ol = 8.0 rnA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = “4.0 mA) 

v OH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic j 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E and DQ 

Cin 

3 

5 

PF 


E 


5 

7 


I/O Capacitance 

DQ 

C|/0 

5 

7 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc^S V ±10%, T A = 0to + 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 and 3.0 V Input and Output Timing Measurement Reference Levels. . . 1.5 V 

Input Rise and Fall Times 5 ns Output Load See Figure 1 

READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM2018A-35 

MCM2018A-45 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Address Valid to Address Valid (Read Cycle Time) 

tAVAV 

tRC 

35 

- 

45 

- 

ns 


Address Valid to Output Valid (Address Access Time) 

tAVQV 

*AC 

- 

35 

- 

45 

ns 


Chip Enable Low to Chip Enable High (Read Cycle Time) 

tELEH 


35 

- 


- 



Chip Enable Low to Output Valid (Chip Enable Access Time) 

fELQV 

*ACS 

- 


- 

45, 

ns 


Output Enable Low to Output Valid (Output Enable Access Time) 

fGLQV 

*OE 

- 


- 




Chip Enable Low to Output Invalid (Chip Enable to Output Active) 

tELQX 

*CLZ 

5 

- 

5 

- 

ns 

2 

Chip Enable High to Output High Z (Chip Disable to Output 

Disable) 

fEHQZ 

*CHZ 

0 

20 

0 

20 

ns 

2 

Output Enable Low to Output Invalid (Output Enable to Output 
Active) 

tGLQX 

tOLZ 

0 

- 

0 

- 

ns 

2 

Output Enable High to Output High Z (Output Disable to Output 
Disable) 

tGHQZ 

*OHZ 

0 

20 

0 

20 

ns 

2 

Address Invalid to Output Invalid (Output Hold Time) 

tAXQX 

tOH 

5 

- 

5 

- 

ns 


Chip Enable Low to Power Up 

tELICCH 

l PU 

0 

- 

0 

- 

ns 


Chip Enable High to Power Down 

tEHICCL 

tPD 

- 

20 

- 

20 

ns 



NOTES: 

1 . Transition time specification applies for all input signals. In addition to meeting the transition rate specification, all input signals must transition 


between V|l and Vm (or between Vjh and V|i_) in a monotonic manner. 

2. Transition is measured ±200 mV from the steady state output voltage with the output loading specified in Figure 1. 

3. In read cycle 2, all addresses are valid prior to or coincident with chip enable (E) transition low. 


READ CYCLE 1 (W = V|H, E = V|l) 


' 

*+ t A VAV ► 


A (ADDRESS) \ 

( ) 

( 



tAVQV — 










tGLQV ► 




t G HQZ 

G (OUTPUT ENABLE) 





7 

L 



tGLQX — 




B 

ms 





1 


tjm 


READ CYCLE 2 (W = V|H, G=V| L ; See Note 3 Above) 



'SS 
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MCM2018A 


WRITE CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

MCM2018A-35 

MCM2018A-45 



Standard 

Alternate 

Min 


Min 

Max 

Address Valid to Address Valid (Write Cycle Time) 

*AVAV 


K9 

- 

■a 

- 

mi 


Chip Enable Low to Write High (Chip Enable to End of Write) 

tELWH 

*EW 


- 

40 

- 

ESI 


Address Valid to Chip Enable Low (Address Setup to Chip Enable) 

*AVEL 

*AS 

0 

- 

0 

- 

m 


Address Valid to Write Low (Address Setup to Write) 

tAVWL 

*AS 


- 

0 

- 



Address Valid to Write High 

tAVWH 

*AW 


- 


- 


3 

Write Low to Write High (Write Pulse Width) 

tWLWH 

twp 

30 

- 

35 

- 

UJjJU 


Write High to Address Don't Care (Address Hold After End of Write) 

tWHAX 

tWR 


- 

0 

- 

m 

4 

Write High to Output Don't Care (Output Active After End of Write) 

tWHQX 

tWLZ 

0 

- 

0 

- 

u 

5 

Write Low to Output High Z (Write Enable to Output Disable) 

tWLQZ 

*WHZ 

0 


0 

El 

I2E 

5 

Data Valid to Write High (Data Setup to End of Write) 

tDVWH 

tDS 


- 


m 

ESI 

3 

Write High to Data Don't Care (Data Hold After End of Write) 

*WHDX 

*DH 

0 

- 


- 

ll*3i 

Ufa™ 

Output Enable High to Output High Z 

tGHQZ 

tQHZ 



0 

20 

ns 



NOTTS: 

1 . Write enable (W) must be high during all address transitions. 

2. If the chip enable (E) low transition occurs simultaneously with the write enable (W) transition, the output remains in a high impedance 

state. __ 

3. Both chip enable (E) and write enable (W) must be active (low) to write data into the memory. Either signal can terminate the write cycle 
by going high. Data in setup and hold timing should be referenced to the rising edge of the signal that terminates the write. 

4. tyvHAX ' s measured from the earlier of, chip enable (E) or write enable (W) going _high to the end of write cycle. 

5. Output enable (G) can be either low or high during a write cycle. If chip enable (E) and G are both low during this period then the data 
input/output (DQ) pins are in the output state. Under these conditions input signals of opposite phase to the outputs must not be applied. 


WRITE CYCLE 1 (W Controlled) 
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MCM2018A 


WRITE CYCLE 2 (E Controlled) 


I (CHIP ENABLE) 


W (WRITE ENABLE) 


5 (OUTPUT ENABLE) 




30 pF 
(INCLUDING 
SCOPE AND JIG) 


Figure 1. Output Load 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 2018A X XX 


Motorola Memory Prefix - 


Part Number - 


-Speed (35 = 35 ns, 45 = 45 ns) 
- Package (N = 300-mil Plastic) 


Full Part Numbers- MCM2018AN35 
MCM2018AN45 





MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

32Kx8 Bit CMOS Static Random 
Access Memory 

Extended Temperature Range: - 40 to 85°C 

The MCM60L256A-C is a 262,144 bit low-power static random access memory orga- 
nized as 32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, while CMOS circuitry 
reduces power consumption and provides greater reliability. The operating current is 
5 mA/MHz (typ) and the cycle time is 100 ns. For long cycle times (>100 ns), the auto- 
matic power down (APD) circuitry will temporarily shut down various power consuming 
circuits, therebyj-educing the active power consumption. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When E is a logic high, the part is placed in low 
power standby mode. The maximum standby current is 2 fiA (Ta = 25°C). Chip enable 
also controls the data retention mode. Another control feature, output enable (G) allows 
access to the memory contents as fast as 50 ns. Thus the MCM60L256A-C is suitable for 
use in various microprocessor application systems where high speed, low power, and 
battery backup are required. 

The MCM60L256A-C is offered in a 28 pin, 600 mil plastic dual-in-line package and a 
330 mil gull-wing SO package. 

• Single 5 V Supply, ± 10% 

• 32K x 8 Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Low Power Dissipation— 27.5 mW/MHz (Typical Active) 

• Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 

Power Standby Mode 

• Battery Backup Capability (Maximum Standby Current = 2 fiA @ 25°C) 

• Data Retention Supply Voltage =2.0 V to 5.5 V 

• All Inputs and Outputs Are TTL Compatible 

• Three State Outputs 

• Fast Access Time: MCM60L256A-C10= 100 ns (Max) 


BLOCK DIAGRAM 



MCM60L256A-C 



PIN ASSIGNMENT 


A14[ 

1 • 

28 

]Vcc 

A12 [ 

2 

27 

1W 

A7[ 

3 

26 

] A13 

A6[ 

4 

25 

]A8 

A5[ 

5 

24 

1 A9 

A4[ 

6 

23 

] All 

A3[ 

7 

22 

n 

A2[ 

8 

21 

] A10 

A1[ 

9 

20 

11 

A0[ 

10 

19 

]DQ7 

DQ0[ 

11 

18 

]0Q6 

DQ1 [ 

12 

17 

]DQ5 

DQ2 [ 

13 

16 

]DQ4 

Vssl 

14 

15 

] DQ3 


PIN NAMES 


A0-A14 Address 

W Write Enable 

I Chip Enable 

£ Output Enable 

DQ0-DQ7 Data Input/Output 

Vcc +5 V Power Supply 

V§s Ground 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM60L256A-C 


TRUTH TABLE 


E 


w 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

Not Selected 

■SB 

High Z 

L 

H 

H 

Output Disabled 

Ice 

High Z 

L 

L 

H 

Read 

•cc 

D out 

L 

X 

L 

Write 

Icc 

Din 


X = don't care 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.3 to +7.0 

V 

Voltage to Any Pin with Respect to Vss 

v in» v out 

-0.5 to Vqc + 0-5 

V 

Power Dissipation (T A = 25°C) PDIP 

PD 

1.0 

w 

SOG 


0.6 


Operating Temperature 

t a 

-40 to +85 

°c 

Storage Temperature 

I§tg 

-55 to +150 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = -40 to 85°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

- 

V C C + 0.3 

V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V|l (min)= -0.3 V dc; V|l (min)= -3.0 V ac (pulse width <50 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 


Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 


- 

<0.01 

±1.0 


Output Leakage Current (E=V|h orZa = V|H or W = V||_, V out = 0 to Vcc) 

l|ka(0) 

- 

<0.01 

±1.0 

P A 

Operating Current (Read Cycle) 

ICCAI 




mA 

(1= V|i_, W=V|h, Other lnput=V|H/V|j_, lout 53 ® mA) t A \/QV=1 P® 


- 

10 

15 


tAVQV = 100 ns 


- 

- 

70 


(E=0.2 V, W= V C c -0.2 V, Other Inputs Vcc -0.2 V/0.2 v , 

l out = 0 mA) *AVQV = 1 ps 



5 

8 


tAVQV = 100 ns 


- 

- 

60 


Standby Current (E = V|h) 

>SB1 

- 

- 

3.0 

mA 

Standby Current (E^Vcc~0.2 V, Vcc = 2.0 t0 5.5 V) 

<SB2 

— 

2 

100 

pA 

(T A = 25°C) 


- 

- 

2 


Output Low Voltage 0 ol= 4.0 mA) 

v OL 

- 

- 

0.4 

V 

Output High Voltage (Iqh 88 - 1.0 mA) 

VOH 

2.4 

- 

- 

V 


Typical values are referenced to T A = 25°C and Vcc = 5.0 V 


CAPACITANCE (f=1 MHz, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Capacitance (Vj n = 0 V) 

All Inputs Except DQ 

Djn 

- 

10 

pF 

I/O Capacitance (V|/o = 0 V) 

DQ 

C|/0 

- 

10 

pF 
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MCM60L256A-C 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5.0 V ± 10%, Ta= -40 to 85°C, Unless Otherwise Noted) 

Input Pulse Levels 0.6 V, 2.4 V Output Timing Measurement Reference Levels 0.8 and 2.2 V 

Input Rise/ Fall Time 5 ns Output Load See Figure 1 

Input Timing Measurement Reference Levels 1.5V 


READ CYCLE (See Note 1) 


Parameter 

Symbol 




Unit 


Read Cycle Time 

tAVAV 

tRC 

100 

- 

ns 

- 

Address Access Time 

tAVQV 

tAA 

- 

100 

ns 

- 

E Access Time 

tELQV 

*AC 

- 

100 

mmi 

- 

G Access Time 

tGLQV 

tOE 

- 


bi 


Output Hold from Address Change 

tAXQX 

tOH 

10 

- 

IE9i 

- 

Chip Enable to Output Low-Z 

tELQX 

tCLZ 

10 

- 

mm 

2,3 

Output Enable to Output Low-Z 

*GLQX 

t OLZ 

5 

- 

ns 

2,3 

Chip Enable to Output High-Z 

tEHQZ 


0 

35 

ns 

2, 3 

Output Enable to Output High-Z 

tGHQZ 

*OHZ 

0 

35 


2, 3 


NOTES: 

1. W is high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 100 mV transition from the 
previous steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 

READ CYCLE 



5.0 V 



R l = 930 


1N914B 
OR EQUIV. 


Figure 1. AC Test Load 
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MCM60L256A-C 


WRITE CYCLE 1 AND 2 (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

Min 

Max 

Unit 

Notes 

Write Cycle Time 

tAVAV 

*WC 

100 

- 

ns 

- 

Address Setup Time 

tAVWL/tAVEL 

tAS 

0 

- 

■91 

- 

Address Valid to End of Write 

tAVWH/tAVEH 

tAW 

80 

- 

mm 

- 

Write Pulse Width 

tWLWH 

*WP 

60 

- 

ns 

2 

Data Valid to End of Write 

tDVWH/tDVEH 

tDW 

35 

- 

mm 

- 

Data Hold Time 

tWHDX/*EHDX 

*DH 

0 

- 

ns 

- 

Write Low to Output in High-Z 

tWLQZ 

*WHZ 

0 

25 

M 1 

warn 

Write High to Output Low-Z 

tWHQX 

*WLZ 

10 

- 

ns 

EXE 

Write Recovery Time 

tWHAX/tEHAX 

tWR 

0 

- 

mm 

5 

Chip Enable to End of Write 

tELWH/tELEH 

tew 

80 

- 

ns 

- 


NOTES: 

1 . Outputs are in high impedance state rf is high during Write Cycle. 

2. A write occurs during the overlap (ty\/p) of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 
state. 

3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 
the previous steady state voltage. 

4. These parameters are periodically sampled and not 100% tested. 

5. tyvR is measured from the earlier of E or W going high to the end of write cycle. 


WRITE CYCLE 1 (W CONTROLLED) 


51 




*+ j l AVWH ► 

1— 

I— ‘WHAX 



mm/m 


1 

H* tWLWH ► 



m 

1 







SSgHRH 
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MCM60L256A-C 


WRITE CYCLE 2 (E Controlled) 



DATA RETENTION CHARACTERISTICS (T A = -40 to 85°C) 


Parameter 

Symbol 

Min 

Typ 



Vcc f° r Data Retention (E>Vcc~0-2 V) 

VDR 

2.0 

- 

5.5 

V 

Data Retention Current (I > Vcc ~ 0-2 V) Vcc =3.0 v 

V C C = 5.5 V 

'CCDR 







Chip Disable to Data Retention Time 


0 

- 

- 

ns 

Operation Recovery Time 


851 

- 

- 

ns 


* t AVAV = ^ eacl Cycle Time 


DATA RETENTION MODE 


Vcc 



DATA RETENTION MODE ► 


4.5 V J 

\ V 0 R a 2.0 V 7 

~ 4.5 V 


U-^CDR-^ 


— Vec hJ 



E CONTROL 


7777 ;^ 


E^Vqr-0.2 V 


j 




NOTE: If the V|h of E is 2.4 V in operation, IgBI current flows during the period that the \Iqc voltage is decreasing from 4.5 V to 2.4 V. 
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— 

Ta = 

25°C 





























— — ' 



2 

7* 

-- 





7 - 

— 







V CC , SUPPLY VOLTAGE (VOLTS) 

Figure 1. Input High Voltage versus Supply Voltage 


Vqq, SUPPLY VOLTAGE (VOLTS) 

Figure 2. Input Low Voltage versus Supply Voltage 



0.4* 1 1 1 1 

-60 -40 -20 0 20 

T A , AMBIENT TEMPERATURE (°C) 

Figure 3. Operating Current versus Ambient 
Temperature 




-60 -40 -20 0 20 40 60 80 100 120 

T A , AMBIENT TEMPERATURE (°C) 

Figure 4. I§B1 Standby Current versus Ambient 
Temperature 


-60 -40 -20 0 20 40 60 80 100 120 140 

T A , AMBIENT TEMPERATURE (°C) 

Figure 5. lsB2 Standby Current versus Ambient 
Temperature 
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tAVQV' ADDRESS ACCESS TIME (NORMALIZED) ICCA- OPERATING CURRENT (NORMALIZED) 


MCM60L256A-C 




Figure 6. Low Power Operating Current versus Figure 7. Operating Current versus Frequency (Write) 

Frequency (Read) 



Figure 8. Low Power lsB2 Standby Current versus 
Supply Voltage 




Figure 9. Access Time versus Supply Voltage Figure 10. Access Time versus Ambient Temperature 
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MCM60L256A-C 


ORDERING INFORMATION 
(Order by Full Part Number) 



Full Part Number- MCM60L256APC10 
MCM60L256AFC10 
MCM60L256AFC10R2 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

32Kx8 Bit CMOS Static Random 
Access Memory 

Extended Temperature Range: -40 to 105°C 

The MCM60L256A-V is a 262,144 bit low-power static random access memory orga- 
nized as 32,768 words of 8 bits, fabricated using silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, while CMOS circuitry 
reduces power consumption and provides greater reliability. The operating current is 
5 mA/MHz (typ) and the cycle time is 100 ns. For long cycle times (>100 ns), the auto- 
matic power down (APD) circuitry will temporarily shut down various power consuming 
circuits, thereby_reducing the active power consumption. 

Chip enable (E) controls the power-down feature. It is not a clock but rather a chip 
control that affects power consumption. When E is a logic high, the part is placed in low 
power standby mode. The maximum standby current is 2 fiA (Ta = 25°C). Chip enable 
also controls the data retention mode. Another control feature, output enable (G) allows 
access to the memory contents as fast as 50 ns. Thus the MCM60L256A-V is suitable for 
use in various microprocessor application systems where high speed, low power, and 
battery backup are required. 

The MCM60L256A-V is offered in a 28 pin, 600 mil plastic dual-in-line package and a 
330 mil gull-wing SO package. 

• Single 5 V Supply, ± 10% 

• 32K x 8 Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Low Power Dissipation— 27.5 mW/MHz (Typical Active) 

• Output Enable and Chip Enable Inputs for More System Design Flexibility and Low 

Power Standby Mode 

• Battery Backup Capability (Maximum Standby Current =2 iiA @ 25°C) 

• Data Retention Supply Voltage =2.0 V to 5.5 V 

• All Inputs and Outputs Are TTL Compatible 

• Three State Outputs 

• Fast Access Time: MCM60L256A-V10= 100 ns (Max) 


BLOCK DIAGRAM 



MCM60L256A-V 



1 CASE 710 


F PACKAGE 
SOG 

CASE 761H 


PIN ASSIGNMENT 


A14[ 

1 • 

28 

]vcc 

A12[ 

2 

27 

]W 

A7[ 

3 

26 

3 A13 

A6[ 

4 

25 

3A8 

A5[ 

5 

24 

JA9 

A4[ 

6 

23 

1 All 

A3[ 

7 

22 

IS 

A2[ 

8 

21 

] A10 

A1 [ 

9 

20 

31 

AO [ 

10 

19 

] 007 

DQ0[ 

11 

18 

] 006 

0Q1 [ 

12 

17 

] DQ5 

DQ2[ 

13 

16 

3 004 

v ssC 

14 

15 

]DQ3 


PIN NAMES 


A0-A14 Address 

W Write Enable 

I Chip Enable 

S Output Enable 

DQ0-DQ7 Data Input/Output 

Vcc +5 V Power Supply 

Vgs Ground 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM60L256A-V 


TRUTH TABLE 


E 

s 

W 

Mode 

Supply Current 

I/O Pin 

H 

X 

X 

Not Selected 

■SB 

High Z 

L 

H 

H 

Output Disabled 

■cc 

High Z 

L 

L 

H 

Read 

icc 

D out 

L 

X 

L 

Write 

■cc 

D in 


X = don't care 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

vcc 

-0.3 to +7.0 

V 

Voltage to Any Pin with Respect to V§s 

V in , V out 

-0.5 to Vcc + 0 - 5 

V 

Power Dissipation (Ta = 25°C) PDI P 

Pd 

1.0 

w 

SOG 


0.6 


Operating Temperature 

Ta 

-40 to +105 

°c 

Storage Temperature 

Istfl 

-55 to +150 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta= -40 to 105°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 



Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 


4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

V C C +0.3 

V 

Input Low Voltage 

V|L 

-0.3* 

- 

0.8 

V 


*V||_ (min) = -0.3 V dc; V|l (min)= -3.0 V ac (pulse width ^50 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

■lka(l) 

- 

<0.01 

±1.0 

mA 

Output Leakage Current (E=V|h or (5= Vm or W = V|j_, V ou t = 0 to Vcc) 

■ika(O) 

- 

<0.01 

±1.0 

mA 

Operating Current (Read Cycle) 

■CCA1 



mm 

mA 

(E = V||_, W=Vm, Other Input = V|h/V|l, l ou t = 0 mA) tAVQV = 1 M® 


- 

10 



tAVQV = 100 ns 


— 

- 

BS 


(1 = 0.2 V, W = V C C -0.2 V, Other Input = V CC - 0.2 V/0.2 V, 

l out = 0 mA) tAVQV = 1 /*s 

■CCA2 


5 

8 


tAVQV- 100 ns 


— 

- 

60 


Standby Current (E=Vjh) 

*SB1 

- 

- 

3.0 

mA 

Standby Current (E^Vcc~0.2 V, Vcc = 2.0 t0 5.5 V) 

<SB2 

- 

2 

100 

P A 

(T a = 25°C) 


- 

- 

2 


Output Low Voltage (Iol = 4 0 mA) 

VOL 

- 

- 

0.4 

V 

Output High Voltage (Iqh *-1.0 mA) 

VOH 

2.4 

- 

- 

V 


Typical values are referenced to Ta = 25°C and Vcc = 5.0 V 


CAPACITANCE (f=1 MHz, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Min 

Max 

Unit 

Input Capacitance (Vj n = 0 V) 

All Inputs Except DQ 

C in 

- 

10 

PF 

I/O Capacitance (V|/q = 0 V) 

DQ 

c l/0 

- 

10 

pF 
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MCM60L256A-V 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc®5.0 V ± 10%, Ta= -40 to 105°C, Unless Otherwise Noted) 

Input Pulse Levels 0.6 V, 2.4 V Output Timing Measurement Reference Levels 0.8 and 2.2 V 

Input Rise/Fall Time 5 ns Output Load See Figure 1 

Input Timing Measurement Reference Levels 1.5 V 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

Min 

Max 

Unit 

Notes 

Read Cycle Time 

tAVAV 

«RC 

100 

- 

ns 

- 

Address Access Time 

t AVQV 

tAA 

- 

100 

ns 

- 

E Access Time 

t ELQV 

tAC 

- 

100 

ns 

- 

<5 Access Time 

tGLQV 

tOE 

- 

50 

KB 

- 

Output Hold from Address Change 

t AXQX 

tOH 

10 

- 

mm 

- 

Chip Enable to Output Low-Z 

tELQX 

tCLZ 

10 

- 

mm 

2,3 

Output Enable to Output Low-Z 

<GLQX 

*01 Z 

5 

- 

ns 

■XB 

Chip Enable to Output High-Z 

tEHQZ 

tCHZ 

0 

35 

mm 

2,3 

Output Enable to Output High-Z 

*GHQZ 

tOHZ 

0 

35 

mm 

2,3 


NOTES: 

1. W is high at all times for read cycles. 

2. All high-Z and low-Z parameters are considered in a high or low impedance state when the output has made a 100 mV transition from the 
previous steady state voltage. 

3. These parameters are periodically sampled and not 100% tested. 


READ CYCLE 



5.0 V 



RL = 930 


1N914B 
OR EQUIV. 


Figure 1. AC Test Load 
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MCM60L256A-V 


WRITE CYCLE 1 AND 2 (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

Min 

Max 

Unit 


Write Cycle Time 

tAVAV 

twc 

100 

- 

ns 

- 

Address Setup Time 

tAVWL^AVEL 

tAS 

0 

- 

ns 

- 

Address Valid to End of Write 

tAVWH/tAVEH 

tAW 

80 

- 

ns 

- 

Write Pulse Width 

tWLWH 


60 

- 

ns 

2 

Data Valid to End of Write 

tDVWH/tDVEH 


35 

- 


- 

Data Hold Time 

tWHDX/tEHDX 


0 

- 

ns 

- 

Write Low to Output in High-Z 

tWLQZ 


0 

30 

■S 

3,4 

Write High to Output Low-Z 

tWHQX 

tWLZ 

10 

- 

ns 

3,4 

Write Recovery Time 

tWHAX/tEHAX 


0 

- 


5 

Chip Enable to End of Write 

tELWH/tELEH 


80 

- 

ns 

- 


NOTES: 

1. Outputs are in high impedance state if <3 is high during Write Cycle. 

2. A write occurs during the overlap (tyyp) of a low E and a low W. If W goes low prior to E low then outputs will remain in a high impedance 
state. 

3. All high-Z and low-Z parameters are considered in a high or low impedance state when the outputs have made a 100 mV transition from 
the previous steady state voltage. 

4. These parameters are periodically sampledhand not 100% tested. 

5. tyyp is measured from the earlier of E or W going high to the end of write cycle. 


WRITE CYCLE 1 (W CONTROLLED) 




( 



s 

1— *WHAX 


HH 

ftfftfffn 


1 

h* tWLWH ► 



1 


S9 



H^BO 

iB 


a I 


BKfl 


lAnfj 
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MCM60L256A-V 


WRITE CYCLE 2 (E Controlled) 



DATA RETENTION CHARACTERISTICS (T A = -40 to 105°C) 


Parameter 

Symbol 

Min 

Typ 

Max 


Vcc for Data Retention (E2:Vcc~0-2 V) 

VDR 

2.0 

- 

5.5 

V 

Data Retention Current (E2:Vcc-0-2 V) 

V C C = 3.0 V 

'CCDR 

- 

- 

50 

mA 


V C C = 5.5 V 


- 

- 

100 


Chip Disable to Data Retention Time 


0 

- 

- 

ns 

Operation Recovery Time 

tree 


- 

- 

ns 


#t AVAV = Cycle Time 


DATA RETENTION MODE 


V CC 


E CONTROL 


ZZZZ^ 


4.5 V‘ 

tCDR- 

V 


% 


DATA RETENTION MODE - 
Vqr^2.0 V 




•4.5 V 


E^Vqr-0.2 V 


j 




NOTE: If the Vjh of E is 2.4 V in operation, IgBI current flows during the period that the Vcc voltage is decreasing from 4.5 V to 2.4 V. 
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ISBI. STANDBY CURRENT (NORMALIZED) % INPUT HIGH VOLTAGE (NORMALIZED) 


MCM60L256A-V 



Vcc. SUPPLY VOLTAGE (VOLTS) 

Figure 1. Input High Voltage versus Supply Voltage 



4 4.5 5 5.5 6 6.5 7 7.5 

Vq C , SUPPLY VOLTAGE (VOLTS) 

Figure 2. Input Low Voltage versus Supply Voltage 



t a , AMBIENT TEMPERATURE (°C) 

Figure 3. Operating Current versus Ambient 
Temperature 




Figure 4. IsBI Standby Current versus Ambient 
Temperature 


Figure 5. Isb 2 Standby Current versus Ambient 
Temperature 
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MCM60L256A-V 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix - 
Part Number 


MCM 60L256A X X XX XX 

T 


- Shipping Method (R2=Tape & Reel, Blank = Rails) 

-Speed (10 = 100 ns) 

-Operating Temperature Range 

( V = Extended Range, -40 to 105°C) 


-Package (P = Plastic DIP, F = Gull-Wing SO) 


Full Part Number- MCM60L256APV10 
MCM60L256AFV10 
MCM60L256AFV10R2 
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CMOS Fast Static RAMs 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


32K x 9 Bit Fast Static RAM 


The MCM6205 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 17, 20, 25 and 35 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems 

• Low Power Operation: 140 -170 mA Maximum ac 

• Fully TTL-Compatible — Three-State Output 


BLOCK DIAGRAM 
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MCM6205 


TRUTH TABLE (X = Don’t Care) 


El 

E2 

G 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

X 

X 

Not Selected 

'SBI > >SB2 

High-Z 

- 

X 

L 

X 

X 

Not Selected 

■SBI - 'SB2 

High-Z 

- 

L 

H 

H 

H 

Output Disabled 

'CCA 

High-Z 

- 

L 

H 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

H 

X 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to + 7.0 V 

V 

Voltage Relative to Vqs For Any Pin 

Except Vqq 

Vjn> Vout 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current 

'out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias (T^ = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature — Plastic 

Islg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGSareex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse airflow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vqq + 0.3* 

V 

Input Low Voltage 

V|L 

- 0.5“ 

— 

0.8 

V 


V|n (max) = Vqq + 0.3 V dc; V||_] (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 
**V|i (min) = - 0.5 V dc; V|[_ (min) = - 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

— 

±1 

pA 

Output Leakage Current (IT = Vjh or G = Vjh, V out = 0 to Vqq) 

'lko(O) 

— 

±1 

pA 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

— 

V 

Output Low Voltage (Iql = 8.0 mA) 

Yol 

— 

0.4 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

AC Active Supply Current (l ou t = 0 mA, Vqq = Max, f = f max ) 




155 

145 

140 

mA 

AC Standby Current (IT = V|h or E2 = V||_ or Vqq = Max, f = f ma x) 

■1191 



45 

40 

40 

mA 

Standby Current (IT > Vqq - 0.2 V or E2 < Vqs + 0.2 V, 

Vjn ^ V SS + 0.2 V, or > Vqq - 0.2 V) 


20 

20 

20 

20 

20 

mA 
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MCM6205 


CAPACITANCE (f = 1 MHz, dV = 3 V, T A = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

Cjn 

6 

PF 

Control Pin Input Capacitance (ET, E2, G, W) 

Cin 

8 

pF 

Output Capacitance 

c out 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc - 5 V ± 1 0%, T a = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

Notes 

Std 

Ait 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

{ AVAV 

*RC 

■a 

— 

IB 

— 


— 

m 

— 


— 


■a 

Address Access Time 

. 

*AVQV 


— 

HI 

— 

m 

— 


__ 

O 

— 




Enable Access Time 

l ELQV 

l ACS 

- 

■a 

— 

m 

— 

[jjg| 

— 

B 

— 

a 


4 

Output Enable Access Time 

tGLQV 

k)E 

— 

8 

— 

9 

— 

10 

— 

MM 

— 

■a 



Output Hold from Address 
Change 

tAXQX 


■ 

— 

■ 

B 

B 

B 

B 

■ 

B 

B 

ns 


Enable Low to Output Active 

tELQX 

l CLZ 

4 

— 

4 

— 

4 

— 

4 


4 


■n 

mu 




H 

— 

0 

— 

B 

B 

0 

B 


B 


Ul 




0 

8 

0 

8 

0 

9 

0 

10 

0 

11 



Output Enable High to Output 
High-Z 

kaHQZ 

k)HZ 

0 

7 

0 

8 

0 

8 

0 

10 

0 

11 

ns 

5,6,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

- 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

l PD 

- 

15 

- 

17 

- 

20 

— 

25 

— 

35 

ns 



NOTES^ 

1. W is high for read cycle. 

2. El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, tEHQZ max < tELQX min > and *GHQZ max < *GLQX min > both for a 9' ven device and from de- 
vice to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected (El = V||_ ) E2 = V|h, G = V|i_). 
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MCM6205 


READ CYCLE 1 (See Note 8) 


A (ADDRESS) ^ 

** t avav ► 

( ) 

( 


** — t axqx ► 


1 


Q (DATA OUT) PREVIOUS DATA VALID ^ 

(XXXXXXXXX) 

^ DATA VALID 


UVQV 


A (ADDRESS) 
E (CHIP ENABLE) 

G (OUTPUT ENABLE 


Q(DATAOUT) 


vcc 

SUPPLY CURRENT 


•cc 

I SB 


)C 


READ CYCLE 2 (See Note 4) 

t AVAV 




t ELICCH 


t ELQV - 


♦t E LQX-*H 
GLQX -H 


tGLQV * 


tAVQV 


KXX33X 


v 


DATA VALID 


3 £ 


J , . 

y<-lEHQZ-*j 
* GHQZ' 

-l 


-4 


tEUCCL- 


\ 


OUTPUT 


AC TEST LOADS 




Zo=5oa — 




R L = 50ft : 
V|_ = 1.5 V 


Figure 1A 



TIMING PARAMETER ABBREVIATIONS 


t X X X X 


signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 



The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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MCM6205 


WRITE CYCLE (W Controlled) (See Notes 1 , 2, and 3) 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

Notes 

Std 






Min 

Max 


1221 






■a 

— 

D 

— 


— 

E3 

— 


— 


4 

Address Setup Time 

tAVWL 

Us 

mm 

— 

0 

— 

0 

— 

0 

— 

0 

— 

B9I 






■ 

14 

— 

15 

— 


a 


— 

1 


Write Pulse Width 




a 

14 

— 

15 

— 


— 


a 



Write Pulse Width, High 
(Output Enable devices) 

tWLWH- 

%LEH 

t W p 

10 

— 

11 

a 


a 

B 

a 


a 



Data Valid to End of Write 

l DVWH 

l DW 

7 

— 

8 

— 

8 

- 

■a 

— 

3 

— 

bbT/J 


Data Hold Time 

l WHDX 

*DH 

0 

— 

0 

— 

0 

- 

0 

- 

0 

— 



Write Low to Output High- 
Z 

tWLQZ 

*WZ 

0 

7 

0 

8 

0 

8 

0 

10 

0 

ii 

ns 

6,7,8 

Write High to Output Ac- 
tive 

tWHQX 

tow 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE (E Controlled) (See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

15 

— 

17 

- 

20 

- 

25 

- 

35 

— 

ns 

4 

Address Setup Time 

l AVEL 

tAS 

0 

- 

0 

— 

0 

- 

0 

- 

0 

— 

ns 


Address Valid to End of 

Write 

tAVEH 

tAW 

12 


14 


15 


20 


25 


ns 


Enable to End of Write 

tELEH- 

l ELWH 

tew 

10 

— 

11 

— 

12 

— 

15 

— 

25 

— 

ns 

9,10 

Data Valid to End of Write 

tDVEH 

tDW 

7 

— 

8 

— 

8 

— 

10 

— 

11 

— 

B9 


Data Hold Time 

tEHDX 

{ DH 

0 

— 

0 

— 

0 

- 

0 

— 

0 

— 

S3 


Write Recovery Time 

tEHAX 

tWR 

0 

— 


— 

0 

- 

0 

- 

0 

— 

ns 



N0TES: _ _ 

1 . Awrite occurs during the overlap of E low and W low. 

2. E1_and E2 are represented by E in tftedata sheet. E2 is of opposite polarity to E. 

3. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

4. AHtimings are referenced from the last valid address to the first transitioning address. 

5. If G > V|h, the output will remain in a high-impedance state. 

6. At any given voltage and temperature, tyvLQZ max < tWHQX min - both f° r a 9 iven device and from device to device. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

8. This parameter is sampled and not 1 00% tested. 

9. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

10. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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MCM6205 


WRITE CYCLE 1 (See Notes 1 , 2, and 3) 



tAVAV ► 

A (ADDRESS) ^ 

< X 



t AVWH ► 

7 

t WHAX 

E (CHIP ENABLE) 

\ 

/ 


u* t WLW h ► 

W (WRITE ENABLE) 

> 

•*— t AVWL ► 

tWLEH 

^ 7 

l 




IMW 



met 

DATA VALID 

■ii 

waaaafA vm 

HIGHZ 

n /data m m 


ktWLQZ-^ 

HIGHZ 

1 


A/WWNI 

-A7VW\_ 

VWa/VU 


-*-tWHQX"* 

_\AAAA/ 


WRITE CYCLE 2 (See Notes 1 and 2) 



ORDERING INFORMATION (Order by Full Part Number) 
MCM 6205 X XX XX 


Motorola Memory Prefix 
Part Number - 


r 


Package (NP or BNP = 300-mil Plastic DIP, 

NJ or BNJ = 300-mil SOJ) 

Full Part Numbers— MCM6205NP1 5 MCM6205NJ1 5 
MCM6205NP1 7 MCM6205NJ1 7 
MCM6205NP20 MCM6205NJ20 

MCM6205NP25 MCM6205NJ25 

MCM6205BNP35 MCM6205BNJ35 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (15 = 15 ns, 17 = 17 ns, 20 = 20 ns, 

25 = 25 ns, 35 = 35 ns) 


MCM6205NJ1 5R2 
MCM6205NJ1 7R2 
MCM6205NJ20R2 
MCM6205NJ25R2 
MCM6205BNJ35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

32K x 9 Bit Fast Static RAM 


The MCM6205C is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 17, 20, 25 and 35 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems 

• Low Power Operation: 140-170 mA Maximum ac 

• Fully TTL Compatible — Three State Output 


BLOCK DIAGRAM 



MCM6205C 



300 MIL PLASTIC 
CASE 853-01 


J PACKAGE 
300 MIL SOJ 
CASE 857-02 



PIN ASSIGNMENT 

NC [ 

1# 

32 

] V CC 

NC [ 

2 

31 

] A14 

A8 [ 

3 

30 

] E2 

A7 [ 

4 

29 

] W 

A6 [ 

5 

28 

] A13 

A5 [ 

6 

27 

] A9 

A4 [ 

7 

26 

] A10 

A3 [ 

8 

25 

] All 

A2 [ 

9 

24 

] 3 

A1 [ 

10 

23 

] A12 

A0 [ 

11 

22 

]ET 

DQ0 [ 

12 

21 

] DQ8 

DQ1 [ 

13 

20 

] DQ7 

DQ2 [ 

14 

19 

] DQ6 

DQ3 [ 

15 

18 

] DQ5 

v ss [ 

16 

17 

] DQ4 


PIN NAMES 


A0-A1 4 Address Input 

DQ0-DQ8 Data Input/Data Output 

W Write Enable 

G Output Enable 

El, E2 Chip Enable 

NC No Connection 

Vqq Power Supply (+ 5 V) 

Vgs Ground 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6205C 


TRUTH TABLE (X = don’t care) 


El 

E2 

G 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

X 

X 

Not Selected 

'SBI > 'SB2 

High-Z 

- 

X 

L 

X 

X 

Not Selected 

•SB1> <SB2 

High-Z 

- 

L 

H 

H 

H 

Output Disabled 

'CCA 

High-Z 

- 

L 

H 

L 

H 

Read 

>CCA 

D out 

Read Cycle 

L 

H 

X 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to V§s For Any Pin 

Except Vqc 

Yn.Vout 

-0.5 to V CC 
+ 0.5 

V 

Output Current 

'out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature — Plastic 

Isig 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 


Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

— 

V C C + 0-3* 

V 

Input Low Voltage 

V|L 

- 0.5** 

— 

0.8 

V 


* V||_| (max) = Vqq + 0.3 V dc; V|(-| (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 
** V|i_ (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 


Input Leakage Current (All Inputs, V-, n * 0 to Vcc) 

■DHH 

_ 

±1 

MUM 

Output Leakage Current (IT = V|^ or G = V|n, V out = 0 to Vcc) 


— 

±1 

KB 

Output High Voltage (Iqh = - 4 0 mA) 


2.4 

— 

V 

Output Low Voltage (Iql = 8.0 mA) 

VOL 

— 

0.4 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

AC Active Supply Current (l ou t = 0 mA > v cc = Max > f = f max) 

'CCA 

170 

160 

155 

145 



AC Standby Current (IT = Vj H , or E2 = V| L , V cc = MAX, f = f max ) 

'SBI 

50 

45 

45 

40 

40 

mA 

CMOS Standby Current (Vcc = Max, f = 0 MHz, FT Vqc - 0.2 V or 
E2 < V S s + 0.2 V, V in < V ss + 0.2 V, or > V C c - 0.2 V) 




20 

20 

20 

mA 
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MCM6205C 


CAPACITANCE (f = 1 MHz, dV = 3 V, T A = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

Gin 

6 

pF 

Control Pin Input Capacitance (El, E2, G, W) 

c in 

8 

pF 

Output Capacitance 

c out 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T a = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameters 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 


*RC 

15 

— 

17 

— 

20 

— 

25 

— 

35 

— 

ns 

3 

Address Access Time 

*AVQV 

*AA 

— 

■a 

— 

fll 

— 

KM 

— 

m 

— 

35 

ns 


Enable Access Time 

*ELQV 


— 

B3 

— 

D 

— 

H 

— 

a 

— 


is 

4 

Output Enable Access Time 

*GLQV 

*OE 

— 

8 

— 

9 

— 

m 

— 

o 

— 

m 

mu 


Output Hold from Address 

Change 

*AXQX 


B 

B 

B 

— 

4 

— 

4 

— 

4 

— 



Enable Low to Output Active 

tELQX 

tCLZ 

4 

__ 

4 

— 

4 

— 

4 

— 

4 

— 

mi 

m 

Enable High to Output High-Z 

l EHQZ 

tCHZ 

0 

8 

0 

8 

0 

9 

0 

o 

0 

ii 

ns 

in 

Output Enable Low to Output 
Active 

tGLQX 

*OLZ 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Output Enable High to Output 

High-Z 

l GHQZ 

tOHZ 

0 

B 




8 

B 





mi 

Power Up Time 


1 

m 


0 


0 

— 

0 


0 


KM 


Power Down Time 


BSM 


na 

— 

BB 

— 

KM 

— 

« 

— 

KM 

ms 



NOTES: 1 . Wjs high for read cycle. 

2. ET and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, tEHQZ max is less than *ELQX ( min )> ancl tGHQZ (max) is less than tQLQX ( min )> both for a 
given device and from device to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected (El = V||_, E2 = V|h, G = V|[_). 
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MCM6205C 


READ CYCLE 1 (See Note 8) 



** t^VAV *• 

| 

A (ADDRESS) ^ 

< ) 

t= 


P { AXQX *\ 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

(XXXXX) 

^ DATA VALID 


k tAVQV 




READ CYCLE 2 (See Note 4) 



AC TEST LOADS 


+5 V 


Z 0 = 50£2 


480 £1 




"5 ^50Q 

V L = 1.50 V 


255 Q 


i 


5pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure 1 B 


TIMING LIMITS 

The table of timing values shows either a mini- 
mum or a maximum limit for each parameter. In- 
put requirements are specified from the external 
system point of view. Thus, address setup time is 
shown as a minimum since the system must sup- 
ply at least that much time (even though most de- 
vices do not require it). On the other hand, 
responses from the memory are specified from 
the device point of view. Thus, the access time is 
shown as a maximum since the device never pro- 
vides data later than that time. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, and 3) 


Parameters 

Symbol 

-15 

-17 

-20 

-25 

-35 

Units 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

15 

— 

17 

— 

20 

— 

25 

— 

35 

— 

ns 

4 

Address Setup Time 

*AVWL 

'AS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of 

Write 

*AVWH 

'AW 

12 

— 

14 

— 

B 

— 


— 


— 

B 






— 


B 

B 

— 


— 


— 

| 


Write Pulse Width, 

GHigh 

%LWH> 

tWLEH 

twp 


— 


B 


— 


— 

20 

— 

ns 

5 




7 

B 


B 


— 


B 


B 




tWHDX 

*DH 

0 


0 


0 

— 

0 


0 

— 

ns 


Write Low to Output 

High-Z 

tWLQZ 

twz 

0 

■ 

0 



8 




11 

ns 

nn 

Write High to Output 

Active 

tWHQX 

tow 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

<WHAX 

*WR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameters 

Symbol 

-15 

-17 

-20 

-25 

-35 



Std. 

Alt. 

BP 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


Max 


tAVAV 

twc 

mm 

— 

KEI 

— 

ms 

— 

O 

— 

IB1 

— 


4 

Address Setup Time 

tAVEL 


0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

BEH 






B 


B 


B 


B 


— 




KSSm 



— 

11 

— 

B 

— 


B 


B 




n 


■ 

— 

8 

B 


— 

10 

— 

11 

— 



Data Hold Time 

tEHDX 

l DH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

<EHAX 

<WR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1. 
2 . 

3. 

4. 

5. 

6. 

7. 

8 . 
9. 

10. 


A write occurs during the overlap of E low and W low. ___ 

E1_and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

Aljjimings are referenced from the last valid address to the first transitioning address. 

If G > V||_|, the output will remain in a high impedance state. 

At any given voltage and temperature, tyyLQZ max is less than *WHQX min > both for a 9 iven device and from device to device. 
Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

This parameter is sampled and not 100% tested. 

If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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MCM6205C 


WRITE CYCLE 1 (W Controlled, See Notes 1 , 2 and 3) 



WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 



Q (DATA OUT) 


HIGH Z 


ORDERING INFORMATION (Order by Full Part Number) 


MCM 6205C X 

Motorola Memory Prefix — — ^ 

Part Number 


XX XX 

Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (15 = 15 ns, 17 = 17 ns, 20 = 20 ns, 

25 = 25 ns, 35 = 35 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers— MCM6205CP1 5 
MCM6205CP17 
MCM6205CP20 
MCM6205CP25 
MCM6205CP35 


MCM6205CJ15 

MCM6205CJ17 

MCM6205CJ20 

MCM6205CJ25 

MCM6205CJ35 


MCM6205CJ1 5R2 
MCM6205CJ1 7R2 
MCM6205CJ20R2 
MCM6205CJ25R2 
MCM6205CJ35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


32K x 8 Bit Fast Static RAM 

The MCM6206 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 1 5, 1 7, 20, 25 and 35 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems. 

• Low Power Operation: 135 -165 mA Maximum ac 

• Fully TTL-Compatible — Three-State Output 


BLOCK DIAGRAM 



MCM6206 



300-MIL PLASTIC 
CASE 71 0B-01 



300-MIL SOJ 
CASE 81 0B-03 


PIN ASSIGNMENT 

A14 [ 

1# 

28 

] V CC 

A12 [ 

2 

27 

] W 

A7 [ 

3 

26 

] A13 

A6 [ 

4 

25 

] A8 

A5 [ 

5 

24 

] A9 

A4 [ 

6 

23 

] All 

A3 [ 

7 

22 

]G 

A2 [ 

8 

21 

] A10 

A1 [ 

9 

20 

]E 

AO [ 

10 

19 

] DQ7 

DQO [ 

11 

18 

] DQ6 

DQ1 [ 

12 

17 

] DQ5 

DQ2 [ 

13 

16 

] DQ4 

v ss C 

14 

15 

] DQ3 


PIN NAMES 


AO — A14 Address Input 

DQO — DQ7 . . . Data Input/Data Output 

W Write Enable 

G Output Enable 

E Chip Enable 

NC No Connection 

Vqq Power Supply (+ 5 V) 

Vgs Ground 
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MCM6206 


TRUTH TABLE (X = don’t care) 


E 

G 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

X 

Not Selected 

'SBI- 'SB2 

High-Z 

- 

L 

H 

H 

Output Disabled 

'CCA 

High-Z 

- 

L 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

'CCA 

High-Z 

Write Cycle 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to V§s For Any Pin 

Except Vqq 

Vjrv v out 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias 

"'"bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature— Plastic 

Istg 

- 55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

— 

Vqq + 0.3* 

V 

Input Low Voltage 

V|L 

- 0.5** 

— 

0.8 

V 


v||_j (max) = Vqq + 0.3 V dc; V||_| (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 
**V|l (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

ilkg(l) 

— 

±1 

pA 

Output Leakage Current (E = Vm or G = V|h, V out = 0 to Vqq) 

'ika(O) 

— 

±1 

pA 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

2.4 

— 

V 

Output Low Voltage (Iql = 8-0 mA) 

v OL 

— 

0.4 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

AC Active Supply Current (l ou t = 0 mA, Vqq = Max, f = f max ) 

'CCA 

165 

155 

150 

140 

135 

mA 

AC Standby Current (E = V|h, Vqq = Max, f = f max ) 

'SBI 

50 

45 

45 

40 

40 

mA 

CMOS Standby Current (Vqq = Max, f = 0 MHz, 

Vjn - V SS + 0.2 V, or > Vqq -0.2 V) 

>SB2 

20 

20 

20 

20 

20 

mA 
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MCM6206 


CAPACITANCE (f = 1 MHz, dV = 3 V, Ta = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

C in 

6 

PF 

Control Pin Input Capacitance (E, G, W) 

Cjn 

8 

PF 

Output Capacitance 

Gout 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3 V 

Input Rise/Fall Time 5 ns 


Output Timing Measurement Reference Level 1 .5 V 

Output Load Figure 1 A Unless Otherwise Noted 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

15 

- 

17 

— 

20 

— 

25 

— 

35 

— 

ns 

2 

Address Access Time 

*AVQV 


— 

■a 

— 

IB 

— 


— 

□ 

— 




Enable Access Time 


M339 

- 

■a 

- 

i a 

— 


— 

m 

— 

fgH 

E3§ 

mm 

Output Enable Access Time 

tGLQV 

tOE 

— 

8 

— 

9 

— 

10 

— 

m 

— 

El 

13 


Output Hold from Address 
Change 



■ 

— 

4 

— 

4 

— 

■ 

m 

■ 

B 



Enable Low to Output Active 

fELQX 

tCLZ 

4 

— 

4 

— 

4 

— 

4 

— 

4 

__ 

119 

mm 

Enable High to Output High-Z 

tEHQZ 

tCHZ 

0 

8 

0 

8 

0 

9 

0 

10 

0 

11 

ns 

4,5,6 

Output Enable Low to Output 
Active 

fGLQX 

tOLZ 

0 

— 

0 

— 

0 

— 

0 

— 

0 

11 

ns 

4,5,6 

Output Enable High to Output 
High-Z 

tGHQZ 

tOHZ 

0 

7 

0 

8 

0 

8 

0 

10 

0 

8 

ns 

4,5,6 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tPD 

— 

15 

— 

17 

- 

20 

— 

25 

— 

35 

ns 



NOTES^ 

1 . W is high for read cycle. 

2. All timings are referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, tj=nQZ max < ^ELQX m ‘ n < anc * tGHQZ max < *GLQX m ' n > both for a given device and from de- 
vice to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected E = V|i_ and G = V|j_. 
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MCM6206 


READ CYCLE 1 (See Note 7) 



tAVAV J 

A (ADDRESS) ^ 

( 


" tAXQX ’ “ ► 



Q (DATA OUT) 

PREVIOUS DATA VALID ^ 

(XxXxxxxxx) 

^ DATA VALID 


tAVQV 


A (ADDRESS) 

E (CHIP ENABLE) - 

G (OUTPUT ENABLE - 


Q(DATAOUT) « 


V CC 

SUPPLY CURRENT 


>CC ■ 
*SB- 


X 


READ CYCLE 2 (See Note 3) 

t A VAV 


1 \_ 


t ELICCH 


* ELQV - 


♦tELQX H 

"W*GLQX-» 


* GLQV - 


tAVQV 


Gffl 


DATA VALID 


X 


V. 


t EHQZ ~ 
tGHQZ- 


f 


t ELICCL - 


\ 


OUTPUT 


AC TEST LOADS 


°-£ 


— Zq = 50 Q — 




R|_ = 50 a 
V|_ = 1.5 V 


Figure 1A 



TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 

The transition definitions used in this data sheet are: 

H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 



TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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MCM6206 


WRITE CYCLE 1 (W Controlled) (See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

§5 


Std 

Alt 


EQ 

HQ 

HJQ 

HQ 

EJ3 

HQ 

q 


Max 

Write Cycle Time 

‘AVAV 

‘WC 

m 

— 

KB 

— 

IQ 

— 

Q 

— 


— 

u 

3 

Address Setup Time 

‘AVWL 

‘AS 

D 

- 

0 

— 

0 

— 

0 

— 

0 

— 

|Q 


Address Valid to End of Write 

‘AVWH 

‘AW 

m 

- 

HQ 

- 

ia 

— 


— 

|Q 

- 

HQ 


Write Pulse Width 

‘WLWH- 

‘WLEH 

‘WP 

12 

■ 


■ 


B 


B 


B 



Write Pulse Width, High 
(Output Enable devices) 

tWLWH. 

‘WLEH 

‘WP 

10 

■ 


■ 


B 


B 


B 


4 

Data Valid to End of Write 

‘DVWH 

‘DW 

7 

- 

8 

- 

8 

— 

10 

— 

s 

— 

HQ 


Data Hold Time 

‘WHDX 

‘DH 

0 

— 

0 

- 

0 

— 

0 

— 

0 



[Q| 


Write Low to Output High-Z 

‘WLQZ 

‘wz 

0 

n 

m 

8 

0 

8 

0 

■a 

0 

in 

|Q I 

HQ| 

Write High to Output Active 

‘WHQX 

‘OW 

4 

— 

MM 

— 

4 

— 

4 


4 

— 

HQ 

QQ[ 




0 

— 

0 

— 

0 

— 

0 


0 


HQ 



WRITE CYCLE 2 (E Controlled) (See Note 1) 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 






EQ 

HQ 

HQ 

HQ 

|JQ 

Jj^Q 

HQ 

on 

HQ 

Write Cycle Time 

‘AVAV 

Hcai 

EM 

— 

aa 

— 

El 

— 

m 

— 

HQ 

— 

|gQ 

3 

Address Setup Time 

‘AVEL 

Q 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

HQ 


Address Valid to End of Write 


QQQ 

aa 

- 

B3 

— 

BUB 

- 

HQ 

— 

m 

— 

HQ 



BQQ 

Qj2Q 

mu 

10 

B 

B 

B 


B 

15 

B 

25 

— 

ns 

8,9 


HQQ 


7 

— 

8 

— 

8 

— 

10 

— 

D 

— 

HQ 


Data Hold Time 

‘EHDX 

‘DH 

0 

- 

0 

- 

0 

— 

0 

— 

0 

— 

QQ 


Write Recovery Time 

‘ehax 

‘WR 

0 

- 


- 

0 

— 

0 

— 

0 

— 

HQ 



NOTES: 

1 . A write occurs during the overlap of EJow and W low. 

2. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

3. AHjtimings are referenced from the last valid address to the first transitioning address. 

4. If G > V|h, the output will remain in a high-impedance state. 

5. At any given voltage and temperature, tyvi_Q 2 max < twHQX m ' n - both * or a 9 iven device and from device to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. If Egoes low coincident with or after W goes low, the output will remain in a high-impedance state. 

9. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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M CM 6206 


WRITE CYCLE 1 (See Notes 1 and 2) 


A (ADDRESS) ^ 

-* t avav ► 

( )( 



t AVWH ► 

7 

-*♦1— tWHAX 

E (CHIP ENABLE) 

\ 

7 


u* t WLWH ► 

W (WRITE ENABLE) 

s 

■*— t AVWL — ► 

tWLEH 

\ 7 

7 


t dvwh ► 


“ tWHDX 

d(datain > xxxxxxxxx; 

KXXXy 

DATA VALID 

)< 

:xxxxxx 

HIGHZ 

n in ata n i m 

1 

**- 1 WLQZ -^| 

HIGHZ 



AA/VVVi 

-A7WV\— 

\AAAAA7\ 


--twHQX-* 

XAAAA7 


WRITE CYCLE 2 (See Notel) 



Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION (Order by Full Part Number) 
MCM 6206 X XX XX 

~E 


Package (NP or BNP = 300-mil Plastic DIP, 
NJ or BNJ = 300-mil SOJ) 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (1 5 = 1 5 ns, 1 7 = 1 7 ns, 20 = 20 ns, 

25 = 25 ns, 35 = 35 ns) 


Full Part Numbers— MCM6206NP1 5 MCM6206NJ15 

MCM6206NP1 7 MCM6206NJ1 7 
MCM6206NP20 MCM6206NJ20 

MCM6206NP25 MCM6206NJ25 

MCM6206BNP35 MCM6206BNJ35 


MCM6206NJ1 5R2 
MCM6206NJ1 7R2 
MCM6206NJ20R2 
MCM6206NJ25R2 
MCM6206BNJ35R2 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6206C 


Advance Information 

32K x 8 Bit Fast Static RAM 

The MCM6206C is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 17, 20, 25 and 35 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems 

• Low Power Operation: 135-165 mA Maximum ac 

• Fully TTL Compatible — Three State Output 


BLOCK DIAGRAM 



'Vcc 

- v ss 



P PACKAGE 
300 MIL PLASTIC 
CASE 71 0B-01 



300 MIL SOJ 
CASE 81 0B-03 


PIN ASSIGNMENT 

A14 [ 

1# 

28 

] vcc 

A12 [ 

2 

27 

] w 

A7 [ 

3 

26 

] A13 

A6 [ 

4 

25 

] A8 

A5 [ 

5 

24 

] A9 

A4 [ 

6 

23 

] All 

A3 [ 

7 

22 

]G 

A2 [ 

8 

21 

] A10 

Al[ 

9 

20 

]E 

A0 [ 

10 

19 

] DQ7 

DQ0 [ 

11 

18 

] DQ6 

DQ1 [ 

12 

17 

] DQ5 

DQ2 [ 

13 

16 

] DQ4 

v ss [ 

14 

15 

] DQ3 


PIN NAMES 

A0-A14 ... 

Address Input 

DQ0-DQ7 . 

. . Data Input/Data Output 

W 

Write Enable 

G 

Output Enable 

E 

Chip Enable 

v cc 

Power Supply (+ 5 V) 

v ss 

Ground 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6206C 


TRUTH TABLE (X = don’t care) 


e" 

G 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

X 

Not Selected 

<SB1 > 'SB2 

High-Z 

- 

L 

H 

H 

Output Disabled 

>CCA 

High-Z 

- 

L 

L 

H 

Read 

>CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

*CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to V§s For Any Pin 

Except Vqq 

Vin> Vout 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current 

'out 

±20 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature — Plastic 

Isis 

-55 to + 125 

°C 


NOTE : Permanent device damage may occur if ABSOLUTE M AXI M U M RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqo = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 



iyp 

Max 


Supply Voltage (Operating Voltage Range) 

■OSH 

4.5 


5.5 


Input High Voltage 

V|H 

2.2 

— 


V 

Input Low Voltage 

V|L 

-0.5** 

— 

0.8 

V 


* V|h (max) = Vqq + 0.3 V dc; Vjh (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 
**V| L (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

U3B 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

l W!) 

— 

±1 

Ol 

Output Leakage Current (E = Vm or G = V^, V ou t = 0 to Vqq) 

MH 

— 

±1 

IxA 

Output High Voltage (Iqh = - 4-0 mA) 


2.4 

— 

V 

Output Low Voltage (Iql = 8.0 mA) 

m 

— 

0.4 

V 


POWER SUPPLY CURRENTS 


Parameter 


■a 

-17 

HSI 

mm 

B9I 


AC Active Supply Current (l out = 0 mA, V CC = Ma*. f = f max) 

'CCA 




140 

135 


AC Standby Current (E = Vjh, Vqq = MAX, f = f max ) 

'SBI 

50 

45 

45 




CMOS Standby Current (V cc = Max, f = 0 MHz, E > V cc - 0.2V 

Vj n < V SS + 0.2 V, or > Vqq - 0.2 V) 

'SB2 

20 

20 




mA 
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MCM6206C 


CAPACITANCE (f = 1 MHz, dV = 3 V, = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

C in 

6 

PF 

Control Pin Input Capacitance (E, G, W) 

c in 

8 

PF 

Output Capacitance 

c out 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

-15 

-17 

-20 

-» 

-35 





EH 


EH 

EH 

ESI 

EH 

Iffli 

EH 

EH 

EH 

Read Cycle Time 



ra 


Q 


JEM 

— 

ra 

— 

EH 

— 

EH! 

2 


tAVQV 

l AA 

— 

SB 

— 

ra 

— 

HI 

— 

ra 

— 

EH 



Enable Access Time 



— 

IB 

— 

ra 

— 

Hi 

— 

ra 

— 

EH 

EH 

3 

Output Enable Access Time 


to e 

— 

8 

— 

9 

— 

IB 

— 

ra 

— 

ra 



Output Hold from Address 

Change 

tAXQX 

*OH 

4 

— 

4 

— 

4 


4 

— 

B 

B 

H 


Enable Low to Output Active 



4 

— 

4 

— 

_±j 

— 

4 

— 

4 

— 

EH 


LI 

1 

tEHQZ 


0 

8 

0 

8 

ra 

9 

0 

ra 

0 

ra 


EH 




0 

B 


B 


B 


B 


B 

ns 

m i 


E 


0 

B 

B 

8 

0 



10 



El 

(H 

Power Up Time 


tpu 

0 


ra 

— 

0 


0 

— 

0 


EH 


Power Down Time 

B5IH5I 

tp D 

— 

IB 


ra 

— 

Rll 

- 

ra 

— 





NOTES: 1 . W is high for read cycle. 

2. All timings are referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, t^HOZ max is less than *ELQX (min), and tGHQZ (max) Is less than tQj_Qx (min), both for a 
given device and from device to device. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E = V|[_, G = V||_). 
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MCM6206C 



READ CYCLE 1 (See Note 7) 

ty\VAV ** 


A (ADDRESS) ^ 

( ~) 

CZ 


H *AXQX *| 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

wmm 

^ DATA VALID 


1 

r l AVQV 

l 



READ CYCLE 2 (See Note 3) 



AC TEST LOADS 


z 0 = 50 a 

f=r} 


V L = 1.50 V 



480 Q 


5pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 


TIMING LIMITS 

The table of timing values shows either a mini- 
mum or a maximum limit for each parameter. In- 
put requirements are specified from the external 
system point of view. Thus, address setup time is 
shown as a minimum since the system must sup- 
ply at least that much time (even though most de- 
vices do not require it). On the other hand, 
responses from the memory are specified from 
the device point of view. Thus, the access time is 
shown as a maximum since the device never pro- 
vides data later than that time. 
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MCM6206C 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

15 

— 

17 

— 

20 

— 

25 

— 

35 

— 

ns 

3 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

*AW 

12 

— 

14 

— 

15 

— 

20 

— 

30 

— 

ns 


Write Pulse Width 

tWLWH> 

tWLEH 

t W p 

12 

— 

14 

— 

15 

— 

20 

— 

30 

— 

ns 


Write Pulse Width, 

GHigh 

tWLWH> 

tWLEH 

t W p 

10 

— 

11 

— 

12 

— 

15 

— 

20 

— 

ns 

4 

Data Valid to End of Write 

*DVWH 

*DW 

7 

— 

8 

— 

8 

— 

10 

— 

12 

— 

ns 


Data Hold Time 

*WHDX 

*DH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

*WZ 

0 

7 

0 

8 

0 

8 

0 

10 

0 

11 

ns 

5,6,7 

Write High to Output Active 

tWHQX 


4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

HS 

EMI 

Write Recovery Time 

tWHAX 


0 

— 

0 

— 

0 

— 

m 

— 

0 

— 




WRITE CYCLE 2 (E Controlled, See Note 1) 


Parameter 

Symbol 

-15 

-17 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 


mm 

■a 

— 

IB 

— 


— 

m 

— 

nu 

— 


3 

Address Setup Time 


mm 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 



Address Valid to End of Write 


mm 

12 

— 

14 

— 

15 

— 

20 

— 

Q 

— 

ns 


Enable to End of Write 

tELEH> 

tELWH 

^w 

10 

— 

11 

— 

12 

— 

15 

— 

25 

— 

ns 

8,9 

Data Valid to End of Write 

tDVEH 

l DW 

7 

— 

8 

— 

8 

— 

10 

— 

11 

— 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1. 
2. 

3. 

4. 

5. 

6 . 

7. 

8. 
9. 


A write occurs during the overlap of EJow and W low. 

If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

ANjimings are referenced from the last valid address to the first transitioning address. 

If G > V|h, the output will remain in a high impedance state. 

At any given voltage and temperature, tyvLQZ max is ,ess than tWHQX min > both for a 9 iven device and from device to device. 
Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. 

This parameter is sampled and not 100% tested. 

If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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MCM6206C 


A (ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

D (DATA IN) 

Q (DATA OUT) 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 



WRITE CYCLE 2 (E Controlled, See Note 1) 



Q (DATA OUT) L 


ORDERING INFORMATION (Order by Full Part Number) 


Motorola Memory Prefix 
Part Number - 


MCM 

zr 


6206C X XX 


XX 

T 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (15 = 15 ns, 17 = 17 ns, 20 = 20 ns 
25 = 25 ns, 35 = 35 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers— MCM6206CP1 5 
MCM6206CP17 
MCM6206CP20 
MCM6206CP25 
MCM6206CP35 


MCM6206CJ15 

MCM6206CJ17 

MCM6206CJ20 

MCM6206CJ25 

MCM6206CJ35 


MCM6206CJ1 5R2 
MCM6206CJ1 7R2 
MCM6206CJ20R2 
MCM6206CJ25R2 
MCM6206CJ35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


256K x 1 Bit Fast Static RAM 

The MCM6207 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 20, and 25 ns 

• Equal Address and Chip Enable Access Times 

• Low Power Operation: 1 30 -1 50 mA Maximum ac 

• Fully TTL-Compatible — Three-State Output 

• Separate Data Input and Output 


BLOCK DIAGRAM 



MCM6207 



P PACKAGE 
300-MIL PLASTIC 
CASE 724A 



J PACKAGE 
300-MIL SOJ 
CASE 81 0A 


PIN ASSIGNMENT 

AO [ 

1 • 

24 

] vcc 

A1[ 

2 

23 

] A17 

A2 [ 

3 

22 

] A16 

A3 [ 

4 

21 

] A15 

A4 [ 

5 

20 

] A14 

A5 [ 

6 

19 

] A13 

A6 [ 

7 

18 

] A12 

A7[ 

8 

17 

] All 

A8 [ 

9 

16 

] A10 

Q [ 

10 

15 

] A9 

w[ 

11 

14 

] D 

v ss[ 

12 

13 

]E 



PIN NAMES 


AO— -A1 5 Address Input 

DQO — DQ3 . . . Data Input/Data Output 

W Write Enable 

D Data Input 

Q Data Output 

Vqq + 5 V Power Supply 

Vgs Ground 
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MCM6207 


TRUTH TABLE (X = don't care) 


IT 

w 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

'SBI > 'SB2 

High-Z 

- 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

L 

Write 

>CCA 

High-Z 

Write Cycle 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 



ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to Vqs 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vqs For Any Pin 

Except Vqq 

Vin.Vout 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

( out 

±30 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias (T A = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature — Plastic 

Isis 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T A = 0to 70° C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

Vqq + 0.3** 

V 

Input Low Voltage 

Vn 

-0.5* 

— 

0.8 

V 


* V||_ (min) = - 0.5 V dc; V||_ (min) = -2.0 V ac (pulse width < 20 ns) 

**V|h (max) = Vqq + 0.3 V dc; V||_| (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkfl(l) 

— 

±1.0 

HA 

Output Leakage Current (E = Vm, V out = 0 to Vqq) 

'tkg(O) 

— 

±1.0 

pA 

Standby Current (E > Vqq - 0.2 V, V in < V ss + 0.2 V, or > Vqq - 0.2 

V Vqq = MAX, f = 0 MHz) 


— 

20 

mA 

Output Low Voltage (Iql = 8.0 mA) 


— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

VQd 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 


-15 

-20 

-25 


AC Active Supply Current (l ou t = 0 mA, Vqq = Max, f = f max ) 

IKSsSH 

150 

140 

130 


AC Standby Current (E = V|h, Vqq = MAX, f = f max ) 

'SBI 

50 

45 

40 
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MCM6207 


CAPACITANCE (f = 1 MHz, dV = 3 V, T^ = 25° C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

C in 

6 

PF 

Control Pin Input Capacitance (E,W) 

C in 

6 

PF 

Output Capacitance 

c out 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ± 10 %, Ta = o to + 70° C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0to3V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

l AVAV 


■a 

— 

^J| 

— 

El 

— 

mu 

2 

Address Access Time 

{ AVQV 

tAA 

— 

■a 

— 


— 

m 

mi 


Enable Access Time 




■a 

— 


— 

25 

ns 

3 

Output Hold from Address Change 



4 

— 

4 

— 

4 

— 

mu 


Enable Low to Output Active 

tELQX 

tCLZ 

4 

— 

4 

— 

4 

— 

ns 

4,5,6 

Enable High to Output High-Z 

tEHQZ 

tCHZ 

0 

8 

0 

9 

0 

10 

ns 

4,5,6 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tPD 

— 

15 

— 

20 

— 

25 

ns 



NOTES^ 

1 . W is high for read cycle. 

2. All timings are referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, t£HQZ max < tELQX min * or a 9' ven device and from device to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 1 00% tested. 
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MCM6207 




READ CYCLE 2 (See Notes 2 and 4) 




TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 

The transition definitions used in this data sheet are: 

H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 



TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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WRITE CYCLE 1 (W Controlled) (See Note 1) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

15 

— 

20 

— 

25 

— 

ns 

2 

Address Setup Time 

tAVWL 

*AS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

l AVWH 

*AW 

12 

— 

15 

— 

20 

— 

ns 


Write Pulse Width 

tWLWH- 

tWLEH 

t W p 

12 

— 

15 

— 

20 

— 

ns 


Data Valid to End of Write 


B2QH 

7 

- 

8 

- 

El 

- 

HU 


Data Hold Time 



0 

— 

0 

- 

n 

- 

p 


Write Low to Output High-2 

■Mil 

K3 

0 

7 

0 

8 

0 

El 

p 

Q 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

4 

- 

ns 

3,4,5 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

0 

— 

ns 



WRITE CYCLE 2 ( E Controlled) (See Notes 1) 


Parameter 

Symbol 

-15 

-20 

-25 


Notes 


Alt 

U5I 

12131 

ESI 




Write Cycle Time 

*AVAV 

MSBM 

El 

— 

Q| 

— 

El 

— 



Address Setup Time 

tAVEL 


0 

— 

0 

— 

0 

— 

HU 


Address Valid to End of Write 

tAVEH 

WEStt 

o 

— 

la 

— 


— 



Enable to End of Write 

tELEH- 

tELWH 

1 

■ 

■ 

12 

— 

■ 

■ 


a 

Data Valid to End of Write 

l DVEH 


7 

— 

8 

— 

El 

— 

p 


Data Hold Time 

tEHDX 

*DH 

0 

— 

0 

— 

0 

— 



Write Recovery Time 

tEHAX 


0 

— 


— 

0 

— 

K9I 



N0TES: 

1 . A write occurs during the overlap of E low and W low. 

2. All timings are referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, tyvLQG max < twHQX min, both for a given device and from device to device. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 1 00% tested. 

6. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

7. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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MCM6207 


WRITE CYCLE 1 (See Note 2) 



WRITE CYCLE 2 (See Note 2) 



ORDERING INFORMATION (Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 6207 


X 


XX XX 

Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (1 5 = 1 5 ns, 20 = 20 ns, 25 = 25 ns) 


Package (P = 300-mil Plastic DIP, J = 300-mil SOJ) 


Full Part Numbers— MCM6207P1 5 
MCM6207P20 
MCM6207P25 


MCM6207J15 

MCM6207J20 

MCM6207J25 


MCM6207J15R2 

MCM6207J20R2 

MCM6207J25R2 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

256K x 1 Fast Static RAM 

The MCM6207C is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ± 1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 20, and 25 ns 

• Equal Address and Chip Enable Access Times 

• Low Power Operation: 130 -150 mA Maximum ac 

• Low ac Standby Current: 1 5 - 25 mA 

• Fully TTL Compatible — Three State Output 

• Separate Data Input and Output 


BLOCK DIAGRAM 



MCM6207C 



P PACKAGE 
300 MIL PLASTIC 
CASE 724A 



J PACKAGE 
300 MIL SOJ 
CASE 81 0A 


PIN ASSIGNMENT 

AO [ 

1 • 

24 

] Vcc 

A1[ 

2 

23 

] A17 

A2 [ 

3 

22 

] A16 

A3 [ 

4 

21 

] A15 

A4 [ 

5 

20 

] A14 

A5 [ 

6 

19 

] A13 

A6 [ 

7 

18 

] A12 

A7 [ 

8 

17 

] All 

A8 [ 

9 

16 

] A10 

Q [ 

10 

15 

] A9 

w[ 

11 

14 

]D 

v ss [ 

12 

13 

]E 



PIN NAMES 


A0-A1 5 Address Input 

E Chip Enable 

W Write Enable 

D Data Input 

Q Data Output 

Vqq Power Supply (+ 5 V) 

Vss Ground 


This document contains information on a product under development. 


Motorola reserves the right to change or discontinue this product without notice. 
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MCM6207C 


TRUTH TABLE (X = don't care) 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

V CC + °- 3 ** 

V 

Input Low Voltage 

VlL 

-0.5* 

— 

0.8 

V 


* Vjl (min) = -0.5 V dc; V||_ (min) = -2.0 V ac (pulse width < 20 ns) 

** V|h (max) = Vqq + 0.3 V dc; Vm (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 


Min 

Max 


input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

’iKofl) 

— 

±1.0 

| 

Output Leakage Current (E = Vm, V out = 0 to Vqq) 

•ikafOl 

— 

±1.0 


Standby Current (E > Vqq - 0.2 V, Vj n < Vqs + 0.2 V, or > Vqq -0.2 V) 

'SB2 

— 

10 

mA 

Output Low Voltage (Iql = 8.0 mA) 

V 0 L 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

V OH 

2.4 

— 

V 


E 

W 

Mode 

Vqq Current 

Output 

Cycle 

H 

X 

Not Selected 

•SBI » 'SB2 

High-Z 

- 

L 

H 

Read 

>CCA 

D out 

Read Cycle 

L 

L 

Write 

! CCA 

High— Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

VCC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to V$s For Any Pin 

Except Vqq 

< 

< 

o 

c 

-0.5 to Vqq + 0.5 

V 

Output Current 

! out 

±20 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias (T A = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature — Plastic 

Isis 

- 55 to + 1 25 

°C 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse airflow 
of at least 500 linear feet per minute 
is maintained. 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-15 

-20 

-25 


AC Active Supply Current (l out = 0 mA, V CC = Max > f = f max) 

>CCA 

150 

140 

130 

mA 

AC Standby Current (E = V|h, Vqq = MAX, f = f max ) 

'SBI 

25 

20 

15 

mA 
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MCM6207C 


CAPACITANCE (f = 1 MHz, dV = 3 V, T A = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

Cin 

6 

PF 

Control Pin Input Capacitance (E,W) 

Cjn 

6 

PF 

Output Capacitance 

c out 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 



m 

— 

E9 

— 

O 

— 

ftTjl 

2 

Address Access Time 

*AVQV 

*AA 

— 

m 

— 

^3 

— 

m 


mi 

Enable Access Time 

tELQV 

tACS 

— 

o 

— 


— 

o 


mm 

Output Hold from Address Change 


*OH 

4 

— 

4 

— 

4 

— 



Enable Low to Output Active 

tELQX 

tCLZ 

4 

— 

4 

— 

4 

— 

ns 

4,5,6 

Enable High to Output High-Z 

*EHQZ 

tCHZ 

0 

8 

0 

9 

0 

10 

ns 

4,5,6 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

’EHICCL 

<PD 


15 

— 

20 

— 

25 

ns 



NOTES: 1 . W is high for read cycle. 

2. All timings are referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, t^noz max is ,ess than *ELQX (min), both for a 
given device and from device to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 
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MCM6207C 


READ CYCLE 1 



** tAVAV ** 


A (ADDRESS) ^ 

3 

( 


\* tAXQX ► 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

(XXXXX) 

^ DATA VALID 


l AVQV 


READ CYCLE 2 (See Note 3) 



AC TEST LOADS 


Z 0 = 50 £2 

~ c r— i 

V L = 1.50 V 



480 a 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 


TIMING LIMITS 

The table of timing values shows either a mini- 
mum or a maximum limit for each parameter. In- 
put requirements are specified from the external 
system point of view. Thus, address setup time is 
shown as a minimum since the system must sup- 
ply at least that much time (even though most de- 
vices do not require it). On the other hand, 
responses from the memory are specified from 
the device point of view. Thus, the access time is 
shown as a maximum since the device never pro- 
vides data later than that time. 
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WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

tWC 

15 

— 

20 

— 

25 

— 

ns 

2 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

IffiSS 

*AW 

12 

— 

15 

— 

20 

— 

ns 


Write Pulse Width 

EJ 

Emil 


1 

— 


■ 

20 

— 



Data Valid to End of Write 

EMM 


m 

— 

8 

— 

10 

— 



Data Hold Time 



0 

— 

0 

__ 

0 

— 



Write Low to Output High-Z 



0 

fl 

0 

8 

0 

O 


BUS 

Write High to Output Active 



4 

— 

4 

— 

4 

— 

BP 

US 

Write Recovery Time 

tWHAX 


0 

— 

0 

— 

0 

— 




WRITE CYCLE 2 (E Controlled, See Note 1) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

l WC 

15 

— 

20 

— 

25 

— 

ns 

2 

Address Setup Time 

tAVEL 

*AS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVEH 

*AW 

12 

— 

15 

— 

20 

— 

ns 


Enable to End of Write 

tELEH. 

tELWH 

tew 

10 

— 

12 

— 

15 

— 

ns 

6,7 

Data Valid to End of Write 

*DVEH 

tDW 

7 

— 

8 

— 

10 

— 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. All timings are referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, tyvLQZ max is less than tWHQX min > both for a 9 iven device and from device to device. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

7. If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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WRITE CYCLE 1 (W Controlled, See Note 1) 



WRITE CYCLE 1 (E Controlled, See Note 1) 



Q (DATA OUT) 


HIGH Z 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION (Order by Full Part Number) 
MCM 6207C X XX XX 


u 


Shipping Method (R2 = Tape & 
Speed (1 5 = 1 5 ns, 20 = 20 ns, 


Reel, Blank = Rails) 
25 = 25 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers— MCM6207CP1 5 
MCM6207CP20 
MCM6207CP25 


MCM6207CJ15 

MCM6207CJ20 

MCM6207CJ25 


MCM6207CJ15R2 

MCM6207CJ20R2 

MCM6207CJ25R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

256K x 1 Bit Fast Static Random 
Access Memory 

The MCM62L07 is a 262,144 bit static random access memory device organized 
as 262,144 words of one bit fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, 
while CMOS circuitry reduces power consumption and provides for greater reliability. 

The MCM62L07 draws low current in stand-by mode which makes it ideal for appli- 
cations with low power battery backup. 

The MCM62L07 is available in a 300-mil, 24-lead plastic dual-in-line package and a 
24-lead 300-mil plastic SOJ package, both with the JEDEC standard pinout. 

• Single 5.0 V ±10% Power Supply 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time: 20/25/35 ns 

• Fully TTL-Compatible— Three-State Data Output 

• Low Power Operation: 100 pA Maximum CMOS Standby 120/120/110 mA 

Maximum Active ac 

• High Board Density SOJ Package Available 


BLOCK DIAGRAM 



MCM62L07 



300-MIL PLASTIC 
CASE 724A 


J PACKAGE 
300-MIL SOJ 
CASE 81 0A 

1 


PIN ASSIGNMENT 




PIN NAMES 


A0-A17 Address Input 

E_ Chip Enable 

W Write Enable 

D Data Input 

Q Data Output 

Vqq + 5.0 V Power Supply 

Vgs Ground 
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TRUTH TABLE (X=don’t care) 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

>SB1. 'SB2 

High-Z 

_ 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to + 7.0 

V 

Voltage Relative to V$s for Any 

Pin Except Vqq 

v in> v out 

-0.5 to Vqq+ 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (Ta = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature — Plastic 

T stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higherthan recommended voltages for extended peri- 
ods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higherthan 
maximum rated voltages to this high- 
impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

V CC + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|[_ (min) = - 0.3 V dc; V||_ (min) = - 3.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

P A 

Output Leakage Current (E~= V|h, V out = 0 to Vcc) 

'lkg(O) 

— 

±1.0 

\xA 

AC Active Supply Current 

(*AVAV = 20 ns) 

•cc 

_ 

120 

mA 

('out = 0 mA > Vcc = Max, f = fmax) 

(tAVAV = 25 ns) 


— 

120 



(Wav = 35 ns ) 


— 

110 


AC Standby Current (Ef= V|h, f = f max , Vcc = Max) 

'SBI 

- 

20 

mA 

CMOS Standby Current (E"> Vcc “ °- 2 V, CMOS Levels on Other Inputs, f = 0 MHz) 

'SB2 

- 

100 

P A 

Output Low Voltage (Iql = 8.0 mA ) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

- 

V 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, periodically sampled and not 100% tested.) 


Characteristic 

Symbol 

Max 

Unit 

Input Capacitance 

C in 

6 

PF 

Output Capacitance 

c out 

8 

PF 
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MCM62L07 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V Output Timing Measurement Reference Level 1 .5 V 

Input Rise/Fall Time 5.0 ns Output Load Figure 1 A Unless Otherwise Noted 

Input Timing Measurement Reference Level 1 .5 V 


READ CYCLES 1 & 2 (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

MCM62L07-20 

MCM62L07-25 

MCM62L07-35 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

20 

— 

25 

— 

35 

— 

ns 

2 

Address Access Time 

*AVQV 

*AA 

— 

20 

— 

25 

— 

35 

ns 


Enable Access Time 

tELQV 

*AC 

— 

20 

— 

25 

— 

35 

ns 

3 

Output Hold from Address Change 

tAXQX 

tOH 

5 

— 

5.0 

— 

5 

— 

ns 


Enable Low to Output Active 

*ELQX 

*CLZ 

5 

— 

5.0 

— 

5 

— 

ns 

4,5,6 

Enable High to Output High-Z 

tEHQZ 

{ CHZ 

0 

8 

0 

10 

0 

15 

ns 

4,5,6 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tPD 

— 

20 

— 

25 

— 

35 

ns 



NOTES: 1 . W is high for read cycle. 

2. All read cycle timing is referenced from thejast valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, t|=HQZ max is less than l ELQX min > both for a 9 iven device and from device to device. 

5. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 1 00% tested. 

7. Device is continuously selected E = V|[_. 


READ CYCLE 1 (See Note 7) 



■* iavav *■ 


A (ADDRESS) ^ 

( ) 

( 


P { AVQV *■ 


*AXQX -*j 


Q (DATA OUT) 

xxxxx^ 

^ DATA VALID ^ 

(XX 


READ CYCLE 2 (See Notes 3 & 7) 
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MCM62L07 


WRITE CYCLES 1 & 2 (See Note 1) 


Parameter 

Symbol 

Alt 

Symbol 

MCM62L07-20 

MCM62L07-25 

MCM62L07-35 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Write cycle Time 

*AVAV 

two 

20 

— 

25 

— 

35 

— 

ns 

2 

Address Setup to Write Low 

Address Setup to Enable Low 

tAVWL 

*AVEL 

*AS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to Write High 

Address Valid to Enable High 

tAVWH 

*AVEH 

*AW 

15 

— 

20 

— 

30 

— 

ns 


Data Valid to Write High 

Data Valid to Enable High 

tDVWH 

*DVEH 

*DW 

8.0 

— 

10 

— 

15 

— 

ns 


Data Hold From Write High 

Data Hold From Enable High 

%HDX 

*EHDX 

*DH 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

Enable Recovery Time 

*WHAX 

*EHAX 

*WR 

0 

— 

0 

— 

0 

— 

ns 


Enable to End of Write 

*ELWH 

*ELEH 

tew 

15 

— 

20 

— 

30 

— 

ns 

6,7 

Write Pulse Width 

*WLWH 

*WLEH 

twp 

15 

— 

20 

— 

30 

— 

ns 


Write Low to Output High-Z 

*WLQZ 

twz 

0 

8 

0 

10 

o 

15 

ns 

3,4,5 

Write High to Output Active 

tWHQX 

tow 

5 

— 

5 

— 

5 

— 

ns 

3,4,5 


NOTES: 1 . A write cycle starts at the last transition of a low E or a low W. A write cycle ends at the earliest transition of a high E or high W. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured 500 mV from steady state voltage with load of Figure IB. 

4. These parameters are periodically sampled and not 100% tested. 

5. At _any given voltage and temperaturejyvLQZ max is ,ess than tWHQX min both f° r a given device and from device to device. 

6. If E goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

7. If E goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 


DATA RETENTION CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Vqq for Data Retention (IT> Vqq - 0.2 V) 

V DR 

2 

— 

— 

V 

Data Retention Current (E"> Vqq - 0.2 V, Vqq = 3.0 V, CMOS Levels on Other Inputs) 

'CCDR 

— 

— 

50 

pA 

Chip Disable to Data Retention Time 

tCDR 

0 

— 

— 

ns 

Operation Recovery Time 

kee 

'AVAV* 

— 

— 

ns 


**AVAV = Read Cycle Time 


DATA RETENTION MODE 
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MCM62L07 


WRITE CYCLE 1 (W Controlled) 


A (ADDRESS) 


E (CHIP ENABLE) 


W (WRITE ENABLE) 


Q (DATA OUT) 



A (ADDRESS) 


E (CHIP ENABLE) 


W (WRITE ENABLE) 


Q (DATA OUT) • 


WRITE CYCLE 2 (E Controlled) 



HIGH IMPEDANCE 











MCM62L07 


AC TEST LOADS 



+ 5 V 
480 £2 


30 pF 

(INCLUDING 
SCOPE AND JIG) 



+ 5 V 
480 0 


5pF 

(INCLUDING 
SCOPE AND JIG) 


TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is de — 

fined 

transition direction for first signal 

signal name to which interval is defined 

transition direction for second signal 
The transition definitions used in this data sheet are: 
H=transition to high 
L=transition to low 
V=transition to valid 
X=transition to invalid or don’t care 
Z=transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a max- 
imum limit for each parameter. Input requirements are speci- 
fied from the external system point of view. Thus, address set- 
up time is shown as a minimum since the system must supply 
at least that much time (even though most devices do not re- 
quire it). On the other hand, responses from the memory are 
specified from the device point of view. Thus, the access time 
is shown as a maximum since the device never provides data 
later than that time. 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 


62L07 X XX XX 

Shipping Method (R2=Tape & Reel, Blank=Rails) 

Speed (20=20 ns, 25=25 ns, 35=35 ns) 

Package (P=300-mil Plastic DIP, J=300-mil SOJ) 


Full Part Numbers— MCM62L07P20 
MCM62L07P25 
MCM62L07P35 


MCM62L07J20 

MCM62L07J25 

MCM62L07J35 


MCM62L07J20R2 

MCM62L07J25R2 

MCM62L07J35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


64K x 4 Bit Fast Static RAM 


The MCM6208 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 20, and 25 ns 

• Equal Address and Chip Enable Access Times 

• Low Power Operation: 135 -155 mA Maximum ac 

• Fully TTL-Compatible — Three-State Output 


BLOCK DIAGRAM 



MCM6208 



P PACKAGE 
300-MIL PLASTIC 
CASE 724A 



NJ PACKAGE 
300-MIL SOJ 
CASE 81 0A 


PIN ASSIGNMENT 

AO [ 

1 • 

24 

] vcc 

A1 [ 

2 

23 

] A15 

A2 [ 

3 

22 

] A14 

A3 [ 

4 

21 

] A13 

A4 [ 

5 

20 

] A12 

A5 [ 

6 

19 

] All 

A6 [ 

7 

18 

] A1 ° 

A7 [ 

8 

17 

] DQO 

A8 [ 

9 

16 

] dqi 

A9 [ 

10 

15 

] DQ2 

e[ 

11 

14 

] DQ3 

v ss[ 

12 

13 

] W 


PIN NAMES 


AO— A15 Address Input 

DQO — DQ3 . . . Data Input/Data Output 

W Write Enable 

E Chip Enable 

NC No Connection 

Vqq Power Supply (+ 5 V) 

Vgs Ground 
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M CM 6208 


TRUTH TABLE (X = don’t care) 


E 

w 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

'SB1> *SB2 

High-Z 

- 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

- 0.5 to + 7.0 V 

V 

Voltage Relative to V$s For Any Pin 

Except V C c 

v in> v out 

-0.5 to Vcq 
+ 0.5 

V 

Output Current (Per I/O) 

'out 

±30 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias (T A = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature — Plastic 

Isis 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse airflow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0to 70° C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

Vqc + 0.3** 

V 

Input Low Voltage 

V|L 

-0.5* 

— 

0.8 

V 


* V|i_ (min) = - 0.5 V dc; Vjl (min) = - 2.0 V ac (pulse width < 20 ns) 

** V|h (max) = Vqq + 0.3 V dc; Vjh (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

'lko(l) 

— 

±1.0 

ftA 

Output Leakage Current (E = Vjh or G = V)h, V out = 0 to Vcc) 

'lka(O) 

— 

±1.0 

HA 

Standby Current (E > Vcc ~ 0.2 v , < V§s + 0.2 V, or > Vcc “ 0 2 v 
V C c = Max, f = 0 MHz) 

'SB2 

— 

20 

mA 

Output Low Voltage (Iql = 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

V OH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 


-15 

-20 

-25 


AC Active Supply Current (l ou t = 0 mA, Vcc = Max, f =f max) 

MS3M 

155 

145 

135 


AC Standby Current (E = Vjh, Vcc = MAX, f = f max ) 

WK&SM 

50 

45 

40 
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MCM6208 


CAPACITANCE (f = 1 MHz, dV = 3 V, T A = 25° C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

c in 

6 

PF 

Control Pin Input Capacitance (E,G,W) 

Cjn 

6 

PF 

Output Capacitance 

c out 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, T a = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0to3V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std 

Ait 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

U/J jm! 

tRC 

El 

— 

99 

— 

El 

— 

ns 

3 

Address Access Time 

MINIUM 


- 

■a 

— 

9 

B 

25 

ns 


Enable Access Time 



— 

■a 

— 

El 

— 

El 

99 

4 

Output Enable Access Time 

{ GLQV 

{ OE 

— 

8 

— 

10 

— 

■a 

9 


Output Hold from Address Change 

tAXQX 

tQH 

4 

— 

4 

— 

4 

— 

ns 


Enable Low to Output Active 



4 

— 

4 

— 

4 

— 



Output Enable Low to Output Active 

tGLQX 

tQLZ 

0 

— 

0 

— 

0 

— 

99 


Enable High to Output High-Z 

tEHQZ 


0 

8 

n 

g 

0 

■a 

9 


Output Enable High to Output High-Z 

tGHQZ 

tOHZ 

0 

7 

0 

8 

0 

10 

ns 

5,6,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tPD 

— 

15 

— 

20 

— 

25 

ns 



NOTES^ 

1 . W is high for read cycle. 

2. For devices with multiple chip enables, E? and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, t|=HQZ max < fELQX min > and tQHQZ max < tGLQX min > both f° r a 9 iven device and from de- 
vice to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected. E < Vj|_ and G < V||_. 
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M CM 6208 


READ CYCLE 1 (See Note 8) 



READ CYCLE 2 (See Notes 2 and 4) 



OUTPUT 


AC TEST LOADS 




-i— Zq = 50Q 


R L = 50Q 
V|_= 1.5 V 


Figure 1A 



TIMING PARAMETER ABBREVIATIONS 


signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 


t X X X X 



The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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MCM6208 


WRITE CYCLE 1 (W Controlled) (See Notes 1, 2 and 3) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

UVAV 

{ WC 

15 

— 

20 

— 

25 

— 

ns 

4 

Address Setup Time 

UVWL 

Us 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

UVWH 

UW 

12 

- 

15 

- 

20 

- 

ns 


Write Pulse Width 

tWLWH. 

tWLEH 

t W p 

12 

— 

15 

— 

20 

— 

ns 


Write Pulse Width, High 
(Output Enable devices) 

tyVLWH> 

tWLEH 

twp 

10 

— 

12 

— 

15 

— 

ns 

5 

Data Valid to End of Write 

l DVWH 

*DW 

7 

— 

8 

— 

10 

— 

ns 


Data Hold Time 

*WHDX 

{ DH 

0 

— 

0 

— 

0 

— 

ns 


Write Low to Output High-Z 

tyVLQZ 

*WZ 

0 

7 

0 

8 

0 

10 

ns 

6,7,8 

Write High to Output Active 

tyVHQX 

tow 

4 

— 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

tyVHAX 

l WR 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE 2 ( E Controlled) (See Notes 1 , 2 and 3) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

UVAV 

two 

15 

— 

20 

— 

25 

— 

ns 

4 

Address Setup Time 

UVEL 

Us 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

UVEH 

Uw 

12 

— 

15 

— 

20 

— 

ns 


Enable to End of Write 

tELEH’ 

tELWH 

l cw 

10 

— 

12 

— 

15 

— 

ns 

9,10 

Data Valid to End of Write 

tDVEH 

tDW 

7 

— 

8 

— 

10 

— 

ns 


Data Hold Time 

*EHDX 

l DH 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

D 

— 

0 

— 

0 

— 




NOTES: 

1 . A write occurs during the overlap of E lowand W low. __ 

2. For devices with multiple chip^nables, El and E2 are represented_by E in this data sheet. E2 is of opposite polarity to E. 

3. For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

4. All timings are referenced from_the last valid address to the first transitioning address. 

5. For Output Enable devices, if G > V|n, the output will remain in a high-impedance state. 

6. At any given voltage and temperature, twi_QG max < tWHQX min > b °th f° r a 9 iven device and from device to device. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

8. This parameter is sampled and not 1 00% tested. 

9. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

10. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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MCM6208 


WRITE CYCLE 1 (See Note 2) 




ORDERING INFORMATION (Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 6208 X XX XX_ 

Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (15=15 ns, 20 = 20 ns, 25 = 25 ns) 

Package (P = 300-mil Plastic DIP, J = 300-mil SOJ) 


Full Part Numbers— MCM6208P1 5 
MCM6208P20 
MCM6208P25 


MCM6208J15 

MCM6208J20 

MCM6208J25 


MCM6208J15R2 

MCM6208J20R2 

MCM6208J25R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

64K x 4 Fast Static RAM 


The MCM6208C is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ± 1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 20, and 25 ns 

• Equal Address and Chip Enable Access Times 

• Low Power Operation: 135 -155 mA Maximum ac 

• Fully TTL Compatible — Three-State Output 


BLOCK DIAGRAM 



MCM6208C 



300 MIL PLASTIC 
CASE 724A 


J PACKAGE 
300 MIL SOJ 
CASE 81 0A 



PIN ASSIGNMENT 

A0 [ 

i • 

24 

] vcc 

A1[ 

2 

23 

] A15 

A2 [ 

3 

22 

] A14 

A3 [ 

4 

21 

] A13 

A4 [ 

5 

20 

] A12 

A5 [ 

6 

19 

] All 

A6 [ 

7 

18 

] A10 

A7 [ 

8 

17 

] DQ0 

A8 [ 

9 

16 

] DQ1 

A9[ 

10 

15 

] DQ2 

E [ 

11 

14 

] DQ3 

v ssC 

12 

13 

] W 


PIN NAMES 


A0-A1 5 Address Input 

DQ0-DQ3 — Data Input/Data Output 

W Write Enable 

V SS Ground 

E Chip Enable 

NC No Connection 

Vqq Power Supply (+ 5 V) 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6208C 


TRUTH TABLE 


I 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

'SBI- 'SB2 

High-Z 

- 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vss For Any Pin 

Except V C c 

V in . V out 

- 0.5 to Vcc 
+ 0.5 

V 

Output Current 

'out 

±20 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias (T A = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature — Plastic 

Isis 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

V C c + 0.3** 

V 

Input Low Voltage 

V|L 

-0.5* 

— 

0.8 

V 


* Vjl (min) = - 0.5 V dc; Vjl (min) = - 2.0 V ac (pulse width < 20 ns) 

** V|h (max) = Vqq + 0.3 V dc; Vjh (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

'ika(i) 

— 

±1.0 

ma 

Output Leakage Current (E = V|h or G = V|h, V out = 0 to Vcc) 

'lkg(O) 

— 

±1.0 

ftA 

Standby Current (E > Vcc - 0-2 V*, Vj n < V§s + 0.2 V 
or > V C c ~ 0 2 v < V CC = MAX, f = 0 MHz) 

>SB2 

— 

20 


Output Low Voltage (Iql = 8.0 mA) 

V 0 L 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

VOH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

AC Active Supply Current (l ou t = 0 mA, V CC = Max - f = f max) 

'CCA 

155 

145 

135 

mA 

AC Standby Current (E = V|h, Vcc = MA X, f = f max ) 

<SB1 

50 

45 

40 

mA 
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MCM6208C 


CAPACITANCE (f = 1 MHz, dV = 3 V, T A = 25°C, Periodically sampled rather than 1 00% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

C in 

6 

PF 

Control Pin Input Capacitance (E,G,W) 

c in 

6 

PF 

Output Capacitance 

c out 

8 

PF 


*For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

*RC 

15 

— 

20 

— 

25 

— 

ns 

3 

Address Access Time 

tAVQV 


— 

O 

— 


— 

Q 

E9 


Enable Access Time 

*ELQV 


— 

o 

— 


— 

O 


4 

Output Enable Access Time 

tGLQV 


— 

8 

— 

na 

— 

m 

g 


Output Hold from Address Change 

*AXQX 


4 

— 

4 

— 

4 

— 

2] 


Enable Low to Output Active 

*ELQX 


4 

— 

4 

— 

4 

— 

d 

MSM 

Enable High to Output High-Z 

*EHQZ 

*CHZ 

0 

8 

0 

9 

0 

MM 

Id 

HI 

Output Enable Low to Output Active 

*GLQX 

*OLZ 

0 

— 

0 

— 

0 

— 

ns 

5,6,7 

Output Enable High to Output High-Z 

f GHQZ 


0 

7 

0 

8 

0 

MM 


HI 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

*PD 

— 

15 

— 

20 

— 

25 

ns 



NOTES: 1 . W is high for read cycle. 

2. For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, tEHQZ max is less than t^LQX (min), and tQHQZ (max) is less than tQ|_QX (min), both for a 
given device and from device to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected (E = V|l, E2 = V|h, G = V||_). 
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MCM6208C 


READ CYCLE 1 (See Note 8) 



READ CYCLE 2 (See Notes 2 and 4) 



AC TEST LOADS 


Zq= 50 Q 

V L = 1.50 V 



480 Q 


5pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 


TIMING LIMITS 

The table of timing values shows either a mini- 
mum or a maximum limit for each parameter. In- 
put requirements are specified from the external 
system point of view. Thus, address setup time is 
shown as a minimum since the system must sup- 
ply at least that much time (even though most de- 
vices do not require it). On the other hand, 
responses from the memory are specified from 
the device point of view. Thus, the access time is 
shown as a maximum since the device never pro- 
vides data later than that time. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, and 3) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

15 

— 

20 

— 

25 

— 

ns 

4 

Address Setup Time 

*AVWL 

'AS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVWH 

*AW 

12 

— 

15 

— 

20 

— 

ns 


Write Pulse Width 

tWLWH- 

tWLEH 

l WP 

12 

— 

15 

— 

20 

— 

ns 


Write Pulse Width, G High 

tWLWH- 

tWLEH 

t W p 

10 

— 

12 

— 

15 

— 

ns 

5 

Data Valid to End of Write 

toVWH 

tow 

7 

— 

8 

— 

10 

— 

ns 


Data Hold Time 

tWHDX 

toH 

0 

— 

0 

— 

0 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

0 

7 

0 

8 

0 

10 

ns 

6,7,8 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, and 3) 


Parameter 

Symbol 

-15 


-25 

Unit 

Notes 



^9 


irm 




Write Cycle Time 



m 

— 

WSM 

— 

m 

— 

Em 

4 

Address Setup Time 



0 

— 

0 

— 

0 

— 

19 


Address Valid to End of Write 


■ 

ra 

— 

m 

— 


— 

ns 


Enable to End of Write 




B 

B 

B 

15 

— 

ns 

9,10 

Data Valid to End of Write 



7 

— 

8 

— 

10 

— 

ns 


Data Hold Time 

tEHDX 

toH 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1. 
2 . 

3. 

4. 

5. 

6 . 

7. 

8. 
9. 

10 . 


A write occurs during the overlap of E low_and W low. 

For devices with multiple chip enables, ET and E2 are represented_by E in this data sheet. E2 is of opposite polarity to E. 

For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
All timings are referenced from_the last valid address to the first transitioning address. 

For Output Enable devices, if G > Vm. the output will remain in a high impedance state. 

At any given voltage and temperature, twi_Qz max ' s ,ess than *WHQX m ' n > both f° r a 9 iven device and from device to device. 
Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

This parameter is sampled and not 100% tested. 

If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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MCM6208C 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 



WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 



Q (DATA OUT) 


HIGH Z 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION (Order by Full Part Number) 
MCM 6208C X XX XX 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 

Full Part Numbers— MCM6208CP1 5 MCM6208CJ15 MCM6208CJ15R2 

MCM6208CP20 MCM6208CJ20 MCM6208CJ20R2 

MCM6208CP25 MCM6208CJ25 MCM6208CJ25R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


64K x 4 Bit Static RAMs 

The MCM62L08 and MCM62L09 are 262,144 bit static random access memory 
devices organized as 65,536 words of 4 bits fabricated using high-performance 
silicon-gate CMOS technology. Static design eliminates the need for external clocks 
or timing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

The MCM62L08 and MCM62L09 draw low current in stand-by mode which makes 
them ideal for applications with low power_battery backup. _ 

The MCM62L09 has both chip enable (E) and output enable (G) inputs, allowing 
greater system flexibility. Either input, when high, will force the outputs to the high 
impedance. 

The MCM62L08 is available in a 300-mil, 24-lead plastic dual-in-line package and a 
24-lead 300-mil plastic SOJ package, both with the JEDEC standard pinout. 

The MCM62L09 is available in a 300-mil, 28-lead plastic dual-in-line package and a 
28-lead 300-mil plastic SOJ package, both with the JEDEC standard pinout. 

• Single 5.0 V ±10% Power Supply 

• Fully Static— No Clock or Timing Strobes Necessary 

• Fast Access Time: 20/25/35 ns 

• Fully TTL-Compatible — Three-State Data Output 

• Low Power Operation: 100 pA Maximum CMOS Standby 120/120/110 mA 

Maximum Active ac 

• High Board Density SOJ Package Available 


(MCM6209 ONLY) G 



MEMORY MATRIX 
256 ROWS x 
256x4 COLUMNS 


■ V CC 
' V SS 


COLUMN I/O 


COLUMN DECODER 


AO A5 A7 A8 A9 A10 All A15 


All A15 


PIN NAMES 1 

A0-A15 Address Input 

DQ0-DQ3 Data Input/Output 

W Write Enable 

G(MCM6209) Output Enable 

E Chip Enable 

NC No Connection 

Vqq + 5.0 V Power Supply 

Vss Ground 


MCM62L08 

MCM62L09 
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M C M62L08 • M C M62L09 


MCM62L08 TRUTH TABLE 


E 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

Not Selected 

>SB1> >SB2 

High-Z 

— 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


MCM62L09 TRUTH TABLE 


E 

G 

W 

Mode 

Vcc Current 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

'SBI ’ 'SB2 

High-Z 

— 

L 

H 

H 

Output Disabled 

'CCA 

High-Z 

— 

L 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

'CCA 

High-Z 

Write Cycle 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 

V 

Voltage Relative to Vgs for Any 

Pin Except Vqq 

Vjrv V out 

- 0.5 to Vqq+ 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T A = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature 

Istg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higherthan recommended voltages for extended peri- 
ods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqo = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

Vqc + °- 3 

V 

Input Low Voltage 

V|L 

-0.5* 

— 

0.8 

V 


*V|j_ (min) = - 0.5 V dc; V|j_ (min) = - 3.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

'lkfl(l) 

— 

+ 1.0 

HA 

Output Leakage Current (E~= V|h> V ou t = 0 to Vcc). or G~= V||_| 

'lko(O) 

— 

±1.0 

pA 

AC Supply Current (l ou t = 0 mA, f = f max , Vcc = Max) 

(fAVAV = 20 ns ) 

'CCA 

— 

120 

mA 


(t A VAV = 25 ns) 


— 

120 



(fAVAV = 35 ns) 


— 

110 


TTL Standby Current (E = V]|_j, f = f max , Vcc = Max ) 

<SB1 

— 

20 

mA 

CMOS Standby Current (E > Vcc _ °- 2 V, all other pins Vj n > Vcc “ 
V in £ V S s + 0.2 V, f = 0 MHz) 

0.2 V or 

>SB2 

— 

100 

pA 

Output Low Voltage (Iql = 8.0 mA) 

V 0 L 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

Yeti 

2.4 

— 

V 


CAPACITANCE (f = 1 .0 MHz, dV - 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Characteristic 

Symbol 

Max 

Unit 

Input Capacitance 

Gin 

6 

PF 

I/O Capacitance 

c l/0 

8 

PF 
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MCM62L08* MCM62L09 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, T a = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5.0 ns 

READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM62L08-20 

MCM62L09-20 

MCM62L08-25 

MCM62L09-25 

MCM62L08-35 

MCM62L09-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

20 

— 

25 

— 

35 

— 

ns 

2 

Address Access Time 

fAVQV 

*AA 

— 

20 

— 

25 

— 

35 

ns 


Enable Access Time 

fELQV 

*ACS 

— 

20 

— 

25 

— 

35 

ns 

3 

Output Hold from Address Change 

*AXQX 

tOH 

5 

— 

5 

— 

5 

— 

ns 


Output Enable Access Time MCM62L09 

fGLQV 

l OE 

— 

10 

— 

12 

— 

15 

ns 


Output Enable Low to MCM62L09 

Output Active 

tGLQX 

f|_Z 

0 

— 

0 

— 

0 

— 

ns 

4,5,6 

Output Enable High to MCM62L09 

Output High-Z 

tGHQZ 

tHZ 

0 

8 

0 

10 

0 

15 

ns 

4,5,6 

Enable Low to Output Active 

fELQX 

tLZ 

5 

— 

5 

— 

5 

— 

ns 

4,5,6 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

8 

0 

10 

0 

15 

ns 

4,5,6 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tpD 

— 

20 

— 

25 

— 

35 

ns 



NOTES: 1 . W is high for read cycle. 

2. All read cycle timing is referenced from thejast valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, t[=HQZ max is less than l ELQX min > and tGHQZ max is less than tGLQX min > both for a 
given device and from device to device. 

5. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tejsted. 

7. Device is continuously selected E=V|l and G=V||_ (MCM62L09 only). 


READ CYCLE 1 (See Note 7) 



« t AV AV H 


A (ADDRESS) ^ 

( i 

( 


r — 1 avqv — *i 


b i axqx b 


Q (DATA OUT) XXXXX) 

( DATA VALID ) 

(XX 


READ CYCLE 2 (See Notes 3 & 7) 
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MCM62L08* MCM62L09 


WRITE CYCLES 1 & 2 (See Note 1 ) 


Parameter 

Symbol 

MCM62L08-20 

MCM62L09-20 

MCM62L08-25 

MCM62L09-25 

MCM62L08-35 

MCM62L09-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

*WC 

20 

- 

25 

- 

35 

- 


2 

Address Setup to Write Low 

Address Setup to Enable Low 

*AVWL 

*AVEL 

*AS 

0 

— 

0 

— 

0 

— 



Address Valid to Write High 

Address Valid to Enable High 


*AW 

15 

— 

20 

— 


— 



Data Valid to Write High 

Data Valid to Enable High 



8 

— 


— 


— 







— 

0 

— 

0 

— 



Write Recovery Time 

Enable Recovery Time 




— 

0 

— 


— 

ns 


Enable to End of Write 

*ELWH 

*ELEH 

tew 

15 

— 

20 

— 

30 

— 

ns 

7,8 

Write Pulse Width 

*WLWH 

*WLEH 

t W p 

15 

— 

20 

— 

30 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

0 

8 

0 

10 

0 

15 

ns 

3, 4, 5, 6 

Write High to Output Active 

tWHQX 

tow 

5 

- 

5 

- 

5 

- 

ns 

3, 4, 5, 6 


NOTES: 1 . A write cycle starts at the last transition of a low E or a low W. A write cycle ends at the earliest transition of a high E or high W. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured 500 mV from steady state voltage with load of Figure IB. 

4. These parameters are periodically sampled and not 100% tested. 

5. At any given voltage and temperature, twi_QZ ma ^js less than twhiQX min both for a 9 iven device and from device to device. 

6. MCM62L09, if G goes low coincident_with or after W goes low, the output will remain in a high-impedance state. 

7. If E goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

8. If E goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 


WRITE CYCLE 1 (W Controlled) 
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Parameter 

Symbol 

Min 

Vqc for Data Retention (E~> Vqq - 0.2 V) 

V DR 

2 

Data Retention Current (E~> Vqq - 0.2 V, Vqq = 3.0 V, all other pins 

Vj n > Vqc - 0.2 V or V in < V S s + 0.2 V, f = 0 MHz) 

'CCDR 

— 

Chip Disable to Data Retention Time 

tCDR 

0 

Operation Recovery Time 

free 



50 pA 








MCM62L08»MCM62L09 


AC TEST LOADS 



+ 5 V 
480 0 


30 pF 

(INCLUDING 
SCOPE AND JIG) 



+ 5 V 
480 o 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is de — 

fined 

transition direction for first signal 

signal name to which interval is defined 

transition direction for second signal 
The transition definitions used in this data sheet are: 
H=transition to high 
L=transition to low 
V=transition to valid 
X=transition to invalid or don’t care 
Z=transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a max- 
imum limit for each parameter. Input requirements are speci- 
fied from the external system point of view. Thus, address set- 
up time is shown as a minimum since the system must supply 
at least that much time (even though most devices do not re- 
quire it). On the other hand, responses from the memory are 
specified from the device point of view. Thus, the access time 
is shown as a maximum since the device never provides data 
later than that time. 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62LXX X XX 


XX 

TT 


Shipping Method (R2=Tape & Reel, Blank=Rails) 
Speed (20=20 ns, 25=25 ns, 35=35 ns) 

Package (P=Plastic DIP, J=Plastic SOJ) 


Full Part Numbers— MCM62L08P20 
MCM62L08P25 
MCM62L08P35 


MCM62L08J20 

MCM62L08J25 

MCM62L08J35 


MCM62L08J20R2 

MCM62L08J25R2 

MCM62L08J35R2 


MCM62L09P20 

MCM62L09P25 

MCM62L09P35 


MCM62L09J20 

MCM62L09J25 

MCM62L09J35 


MCM62L09J20R2 

MCM62L09J25R2 

MCM62L09J35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6209 


64K x 4 Bit Fast Static RAM 
With Output Enable 

The MCM6209 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 20, and 25 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problem. 

• Low Power Operation: 135 -155 mA Maximum ac 

• Fully TTL-Compatible — Three-State Output 




300-MIL PLASTIC 
CASE 71 0B-01 


PACKAGE 
300-MIL SOJ 
CASE 81 0B-03 



PIN ASSIGNMENT 




PIN NAMES 


AO— A15 Address Input 

DQO — DQ3 Data Input / Output 

W Write Enable 

G Output Enable 

E Chip Enable 

NC No Connection 

Vqq Power Supply (+ 5 V) 

V$s Ground 
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MCM6209 


TRUTH TABLE 


E 

G 

W 

Mode 

Vqq Current 

Output 

Cycle 

H 

X 

X 

Not Selected 

•SB1> 'SB2 

High-Z 

- 

L 

H 

H 

Output Disabled 

•CCA 

High-Z 

- 

L 

L 

H 

Read 

•CCA 

D 0 ut 

Read Cycle 

L 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to Vqs 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vqs For Any Pin 

Except V cc 

Vin.V 0Ut 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current (Per I/O) 

•out 

±30 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

Ta 

0 to + 70 

°C 

Storage Temperature — Plastic 

Istg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

— 

Vqq + 0.3** 

V 

Input Low Voltage 

V|L 

-0.5* 

— 

0.8 

V 


* V||_ (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) 

** V|h (max) = Vqq + 0.3 V dc; V||_| (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

iikfld) 

— 

±1.0 

(iA 

Output Leakage Current (E = Vm or G = V|h, V out = 0 to Vqq) 

hka(O) 

— 

±1.0 

^iA 

Standby Current (E > Vqq - 0.2 V, Vj n < Vqs + 0.2 V, 
or > Vqq - 0.2 V Vqq = MAX, f = 0 MHz) 

•SB2 

— 

20 

mA 

Output Low Voltage (Iql = 8-0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

- 15 

-20 

-25 

Unit 

AC Active Supply Current (l ou t = 0 mA, Vqq = Max, f = f max ) 

>CCA 

155 

145 

135 

mA 

AC Standby Current (E = Vm, Vqq = Max, f = f max ) 

'SBI 

50 

45 

40 

mA 
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MCM6209 


CAPACITANCE (f = 1 MHz, dV = 3 V, T/\ = 25°C, Periodically sampled rather than 1 00% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

C in 

6 

pF 

Control Pin Input Capacitance (E,G,W) 

c in 

6 

PF 

Output Capacitance 

^out 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = o to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0to3V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

1IMM 

tRC 


— 


— 

B 

— 

19 

3 

Address Access Time 

tssm m 

l AA 

- 

■a 

— 

2| 

B 

El 



Enable Access Time 

*ELQV 


— 

■a 

— 

m 

— 

El 

E9 

4 

Output Enable Access Time 

kSLQV 

tQE 

— 

8 

— 

10 

— 

■a 



Output Hold from Address Change 

tAXQX 

391 

4 

— 

4 

— 

4 

— 



Enable Low to Output Active 

tELQX 

BSI 

4 

— 

4 

B 

4 

— 


Bi 

Output Enable Low to Output Active 

tGLQX 

tOLZ 

0 

— 

MM 

— 

0 

— 


EM 

Enable High to Output High-Z 

tEHQZ 

tCHZ 

0 

8 

0 

9 

0 

10 

ns 

5,6,7 

Output Enable High to Output High-Z 

tQHQZ 

tOHZ 

0 

7 

0 

8 

0 

10 

ns 

5,6,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tPD 

— 

15 

— 

20 


25 

ns 



NOTES^ 

1. W is high for read cycle. _ _ 

2. For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, t|=HQZ max < ^ELQX min - and tGHQZ max < tGLQX min > both for a 9 iven device and from device to 
device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected. E < Vjl and G < V||_. 
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MCM6209 


A (ADDRESS) 


Q (DATA OUT) 


READ CYCLE 1 (See Note 8) 


\ 

7 

t avav ► 

( ) 

( 


** t AXQX ► 


1 

1 


PREVIOUS DATA VALID \ 

(XXXX)000(X) 

^ DATA VALID 


tAVQV 


A (ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

Q(DATAOUT) - 

' CC ■ 


V CC 

SUPPLY CURRENT 


>SB - 


>C 


READ CYCLE 2 (See Notes 2 and 4) 

t AVAV 


1v 


t ELICCH 


t ELQV - 




t ELQX H 
*t GLQX H 


‘GLQV ‘ 


tAVQV 


mm. 


DATA VALID 






t EHQZ H 
t GHQZ 


r 


t ELICCL - 




OUTPUT 


AC TEST LOADS 




_L_ Z 0 = 50 Q _L_ 


3n 


R L = 50 Q 
V|_ = 1.5 V 


Figure 1A 



TIMING PARAMETER ABBREVIATIONS 


signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 


t X X X X 



The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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MCM6209 


WRITE CYCLE 1 (W Controlled) (See Notes 1 , 2, and 3) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

l WC 

15 

- 

20 

— 

25 

— 

ns 

4 

Address Setup Time 

l AVWL 

*AS 

0 

- 

0 

- 

0 

— 

ns 


Address Valid to End of Write 

*AVWH 

*AW 

12 

— 

15 

— 

20 

— 

ns 


Write Pulse Width 

tWLWH- 

tWLEH 

t W p 

12 

— 

15 

— 

20 

— 

ns 


Write Pulse Width, High 
(Output Enable devices) 

tWLWH- 

tWLEH 

t W p 

10 

■ 


B 

15 

B 


5 

Data Valid to End of Write 

tDVWH 


7 

— 

8 

— 

IB 

— 

HU 


Data Hold Time 

tWHDX 


0 

— 

0 

— 

0 

— 

H9 


Write Low to Output High-Z 

tyVLQZ 

twz 

0 

wm 

0 

8 

0 

IB 

mu 

ESE1 

Write High to Output Active 

tWHQX 


4 

— 

4 

— 

4 

— 

m 

EBSi 

Write Recovery Time 

tWHAX 

l WR 

0 

— 

0 

- 

0 

- 




WRITE CYCLE 2 (E Controlled) (See Notes 1 , 2 and 3) 


Parameter 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Write Cycle Time 


l WC 

15 

— 

m 

— 

m 

— 

mm 

4 

Address Setup Time 



0 

— 

0 

— 

0 

— 

H9 


Address Valid to End of Write 

MM5M 


IB 

— 

m 

~ 


— 

mm 


Enable to End of Write 

tELEH- 

tELWH 

tew 

10 

— 

12 

— 

15 

— 

ns 

9,10 

Data Valid to End of Write 

*DVEH 

*DW 

7 

— 

8 

— 

10 

— 

ns 


Data Hold Time 

tEHDX 

*DH 

0 

- 

0 

- 

0 

- 

ns 


Write Recovery Time 

*EHAX 

*WR 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 

1 . A write occurs during the overlap of E lowand W low. __ 

2. For devices with multiple chip enables, ET and E2 are represented^ E in this data sheet. E2 is of opposite polarity to E. 

3. For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

4. All timings are referenced from_the last valid address to the first transitioning address. 

5. For Output Enable devices, if G > V|j-|, the output will remain in a high-impedance state. 

6. At any given voltage and temperature, tyvLQG max < *WHQX min > both * or a 9 iven device and from device to device. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

8. This parameter is sampled and not 1 00% tested. 

9. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

10. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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MCM6209 


WRITE CYCLE 1 (See Note 2) 


A (ADDRESS) ^ 

** f AVAV ► 

( X 



t AVWH ► 

7 

“"I— f WHAX 

E (CHIP ENABLE) 

\ 

l 


u» t WLWH ► 

W (WRITE ENABLE) 

■*— tAVWL 

tWLEH 

' > 

t 



^ t DVWH 





DATA VALID 

1 Ba 

wmm 

HIGHZ 

n /nATA m m 

1 

k t WLQZ 

HIGHZ 

i 


A7VWVAL 

-AA7VVV— 

' vV\AAA4 


**-twHQX-> 

KAAAA/ 


5 


WRITE CYCLE 2 (See Note 2) 



ORDERING INFORMATION (Order by Full Part Number) 
MCM 6209 X XX XX 

Motorola Memory Prefix 
Part Number 

Package (P = 300-mil Plastic DIP, J = 300-mil SOJ) 

Full Part Numbers— MCM6209P1 5 MCM6209J15 MCM6209J15R2 

MCM6209P20 MCM6209J20 MCM6209J20R2 

MCM6209P25 MCM6209J25 MCM6209J25R2 


T 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (1 5 = 1 5 ns, 20 = 20 ns, 25 = 25 ns) 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

64K x 4 Bit Fast Static RAM 
With Output Enable 

The MCM6209C is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 20, and 25 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problem 

• Low Power Operation: 135 -155 mA Maximum ac 

• Fully TTL Compatible — Three -State Output 


BLOCK DIAGRAM 



MCM6209C 



P PACKAGE 
300 MIL PLASTIC 
CASE 71 OB 



300 MIL SOJ 
CASE 81 0B 


PIN ASSIGNMENTS 

NC [ 

1* 

28 

] vcc 

A0 [ 

2 

27 

] A15 

A1 C 

3 

26 

] A14 

A2 [ 

4 

25 

] A13 

A3 [ 

5 

24 

] A12 

A4 [ 

6 

23 

] All 

A5 [ 

7 

22 

] A10 

A6 [ 

8 

21 

] NC 

A7 [ 

9 

20 

] NC 

A8 [ 

10 

19 

] DQ0 

A9 [ 

11 

18 

] DQ1 

E [ 

12 

17 

] DQ2 

G [ 

13 

16 

] DQ3 

v ss t 

14 

15 

] W 


PIN NAMES 

A0-A15 ... 

Address Input 

DQ0-DQ3 . 

. . Data Input/Data Output 

W 

Write Enable 

G 

Output Enable 

E 

Chip Enable 

NC 

No Connection 

v cc 

— Power Supply (+ 5 V) 

v ss 

Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE (X = don't care) 


E 

G 

W 

Mode 

Vqc Current 

Output 

Cycle 

H 

X 

X 

Not Selected 

•SBI- 'SB2 

High-Z 

- 

L 

H 

H 

Output Disabled 

'CCA 

High-Z 

- 

L 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

'CCA 

High-Z 

Write Cycle 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

- 0.5 to + 7.0 V 

V 

Voltage Relative to V§s For Any Pin 

Except V CC 

V in - V out 

- 0.5 to Vqq + 0.5 

V 

Output Current 

'out 

±20 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias (T^ = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°c 

Storage Temperature — Plastic 

Isis 

- 55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

— 

Vqq + 0.3** 

V 

Input Low Voltage 

V IL 

-0.5* 

— 

0.8 

V 


* V||_ (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) 

**V|h (max) = Vqq + 0.3 V dc; Vm (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'(kflfl) 

— 

±1.0 

pA 

Output Leakage Current (E = Vjh or G = V||_j, V out = 0 to Vqq) 

'lkg(O) 

— 

±1.0 

HA 

Standby Current (E > Vqq - 0.2 V*, Vj n < Vqs + 0.2 V, 
or > Vqq - 0.2 V, V cc = MAX, f = 0 mHz) 

'SB2 

— 

20 

mA 

Output Low Voltage (Iql = 8.0 mA) 

V 0 L 

_ 

0.4 

V 

Output High Voltage (Iqh = -4 0 mA) 

v OH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

AC Active Supply Current (l out = 0 mA, V QC = Max, f = f max) 

'CCA 

155 

145 

135 

mA 

AC Standby Current (E = V|h, Vqq = MAX, f = f max ) 

'SBI 

50 

45 

40 

mA 
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MCM6209C 


CAPACITANCE (f = 1 MHz, dV = 3 V, T A = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

Gin 

6 

PF 

Control Pin Input Capacitance (E,G,W) 

Gin 

6 

PF 

Output Capacitance 

C 0 ut 

8 

PF 


*For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T a = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

15 

— 

20 

— 

25 

— 

ns 

3 

Address Access Time 

*AVQV 

*AA 

— 

15 

— 

20 

— 

25 

ns 


Enable Access Time 

*ELQV 

tACS 

_ 

15 

— 

20 

— 

25 

ns 

4 

Output Enable Access Time 

tGLQV 

tOE 

— 

8 

— 

10 

— 

12 

ns 


Output Hold from Address Change 

*AXQX 

*OH 

4 

— 

4 

__ 

4 

— 

ns 

5,6,7 

Enable Low to Output Active 

*ELQX 

*CLZ 

4 

— 

4 

— 

4 

— 

ns 

5,6,7 

Enable High to Output High-Z 

tEHQZ 

*CHZ 

0 

8 

0 

9 

0 

10 

ns 

5,6,7 

Output Enable Low to Output Active 

tGLQX 

*OLZ 

0 

— 

0 

— 

0 

— 

ns 

5,6,7 

Output Enable High to Output High-Z 

tGHQZ 

*OHZ 

0 

7 

0 

8 

0 

10 

ns 

5,6,7 

Power Up Time 

tELICCH 

*PU 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tPD 

— 

15 

— 

20 

— 

25 

ns 



NOTES: 1 . W is high for read cycle. 

2. For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, tf=nQZ max is less than tELQX ( min )> and *GHQZ (max) is less than tQLQX (min), both for a 
given device and from device to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected (E = V|[_, E2 = Vm, G = V||_). 


MOTOROLA MEMORY DATA 


5-71 





MCM6209C 


READ CYCLE 1 (See Note 8) 



•* tAVAV *1 


A (ADDRESS) ^ 

( 3 

( 


P *AXQX ^ 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

wmm 

^ DATA VALID 

r *AVQV 

l 



READ CYCLE 2 (See Notes 2 and 4) 



AC TEST LOADS 


z 0 = 5oa 

■ H E=jT] s .’ 

V L = 1.50 V 

Figure 1A 



480 n 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure IB 


TIMING LIMITS 

The table of timing values shows either a mini- 
mum or a maximum limit for each parameter. In- 
put requirements are specified from the external 
system point of view. Thus, address setup time is 
shown as a minimum since the system must sup- 
ply at least that much time (even though most de- 
vices do not require it). On the other hand, 
responses from the memory are specified from 
the device point of view. Thus, the access time is 
shown as a maximum since the device never pro- 
vides data later than that time. 
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MCM6209C 


WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, and 3) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

BMW 


15 

— 

20 

— 

25 

— 

ns 

4 

Address Setup Time 



0 

— 

0 

— 

0 

— 



Address Valid to End of Write 

B^M3 


ra 

— 

El 

— 

333 

— 

— 


Write Pulse Width 

Ev 



■ 


B 


B 



Write Pulse Width, 

GHigh 




B 


B 


— 

ns 

5 

Data Valid to End of Write 

tDVWH 

*DW 

7 

— 

8 

— 

10 

— 



Data Hold Time 

*WHDX 

l DH 

D 

— 

0 

— 

0 

— 

31 


Write Low to Output High-Z 

tWLQZ 

*WZ 

m 

7 

0 

8 

0 

El 

333 

BUB. 

Write High to Output Active 

*WHQX 

*ow 

4 

— 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, and 3) 


Parameter 

Symbol 

-15 

-20 

-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

twc 

■a 

— 


— 

m 

— 

13 

4 

Address Setup Time 

*AVEL 

*AS 

0 

— 

0 

— 

0 

— 

■a 


Address Valid to End of Write 

tAVEH 

*AW 

m 

— 

o 

— 

El 

— 

31 


Enable to End of Write 

tELEH- 

*ELWH 

tew 


B 


B 


B 



Data Valid to End of Write 



7 

— 

8 

— 

m 

— 

3331 


Data Hold Time 

*EHDX 

tDH 

0 

— 

0 

— 

0 

— 

£33 


Write Recovery Time 

<EHAX 

*WR 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1. 
2. 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 


A write occurs during the overlap of E low_and W low. 

For devices with multiple chip enables, El and E2 are represented_by E in this data sheet. E2 is of opposite polarity to E. 

For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
All timings are referenced frornthe last valid address to the first transitioning address. 

For Output Enable devices, if G > Vm, the output will remain in a high impedance state. 

At any given voltage and temperature, twLQZ max is less than *WHQX min > both f° r a 9 iven b ® v 'ce and from device to device. 
Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

This parameter is sampled and not 100% tested. 

If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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MCM6209C 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 



WRITE CYCLE 1 (E Controlled, See Notes 1 and 2) 



Q (DATA OUT) 


HIGHZ 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION (Order by Full Part Number) 

MCM 6209C X XX XX 

— I Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (1 5 = 1 5 ns, 20 = 20 ns, 25 = 25 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers- MCM6209CP15 
MCM6209CP20 
MCM6209CP25 


MCM6209CJ15 

MCM6209CJ20 

MCM6209CJ25 


MCM6209CJ1 5R2 
MCM6209CJ20R2 
MCM6209CJ25R2 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 

128K x 8 Bit Static Random 
Access Memory 

The MCM6226 is a 1 ,048,576 bit static random-access memory organized as 
131 ,072 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes 
while CMOS circuitry reduces power consumption andjjrovides for greater reliability. 
_The MCM6226 is equipped with both chip enable (E-j and E2) and output enable 
(G) pins, allowing for greater system flexibility and eliminating bus contention 
problems. 

The MCM6226 is available in a 400-mil, 32-lead surface-mount SOJ package. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access Time: 25/30 ns 

• Equal Address and Chip Enable Access Time 

• All Inputs and Outputs are TTL Compatible 

• Three State Outputs 

• Low Power Operation: 1 70/1 65 mA Maximum, Active ac 


BLOCK DIAGRAM 



MCM6226 



WJ PACKAGE 
400-MIL SOJ 
CASE 857A 


NC 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

DQO 

DQ1 

DQ2 

V SS 


PIN ASSIGNMENT 


[l* 

32 ] 

[2 

31 ] 

[3 

30 ] 

[ 4 

29] 

[ 5 

28 ] 

[6 

27 ] 

[7 

26 ] 

[8 

25] 

[9 

24 ] 

[lO 

23 ] 

[11 

22 ] 

[12 

21 ] 

[13 

20 ] 

[14 

19 ] 

[15 

18] 

[16 

17] 


V CC 

A16 

^2 

W 

A15 

A14 

A13 

A12 

G 

All 

ET 

DQ7 

DQ6 

DQ5 

DQ4 

DQ3 


PIN NAMES 


A0-A1 6 Address Inputs 

W Write Enable 

G Output Enable 

E-j, E2 Chip Enables 

DQ0-DQ7 Data Inputs/Outputs 

NC No Connect 

Vqc +5V Power Supply 

V$s Ground 
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MCM6226 TRUTH TABLE 


El 

e 2 

G 

W 

Mode 

I/O Pin 

Cycle 

Current 

H 

X 

X 

X 

Not Selected 

High-Z 

— 

'SBI- 'SB2 

X 

L 

X 

X 

Not Selected 

High-Z 

- 

•SB1> 'SB2 

L 

H 

H 

H 

Output Disabled 

High-Z 

— 

>CCA 

L 

H 

L 

H 

Read 

D out 

Read 

•CCA 

L 

H 

X 

L 

Write 

Din 

Write 

'CCA 


H = High, L = Low, X = Don’t Care 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to Vgs 

V CC 

- 0.5 to 7.0 

V 

Voltage Relative to Vgg for any Pin 

Except Vqq 

Vin> Vout 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T A = 25°C) 

Pd 

1.1 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

- 55 to + 1 50 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high-impedance circuits. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.5 

V 

Input High Voltage 

V|H 

2.2 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.8 

V 


*V||_ (min) = - 0.5 Vqq; Vj|_ (min) = -2.0 V A q (pulse width < 20 ns); Vjh (max) = Vqq + 2 V A q (pulse width < 20 ns). 

DC CHARACTERISTICS AND SUPPLY CURRENTS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

±1 

pA 

Output Leakage Current (E* = V|h, V out = 0 to Vqq) 

'lkg(O) 

- 

±1 

pA 

AC Active Supply Current 

MCM6226-25: t/\\/AV = 25 ns 

'CCA 

— 

170 

mA 

(l out = 0 mA, Vqq = max) 

MCM6226-30: t A \/AV = 80 ns 


— 

165 


AC Standby Current (Vqq = max, 

MCM6226-25: t AV AV = 25 ns 

'SB1 

_ 

60 

mA 

E* = V(h, f = f max ) 

MCM6226-30: t A VAV = 30 ns 


— 

55 


CMOS Standby Current (IF > Vqq -0.2 V, 


■SB2 

— 

15 

mA 

Vj n < Vgs +0-2 V or > Vqq -0.2 V, Vqq = max, f = 

0 MHz) 





Output Low Voltage (Iql = +8-0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = -4-0 mA ) 

v OH 

2.4 

- 

V 


*E-| and E 2 are represented by E in this data sheet. E 2 is of opposite polarity to E-| . 
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MCM6226 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Max 

Max 

Unit 

Input Capacitance 

All Inputs Except Clocks and DQ 

Cjn 

4 

6 

PF 


E-| , E 2 , G, W 

C ck 

5 

8 


I/O Capacitance 

DQ 

c l/0 

5 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T A = 0 to + 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V Output Timing Measurement Reference Level 1 .5 V 

Input Rise/Fall Time 2 ns Output Load See Figure 1 a 

Input Timing Measurement Reference Level 1.5 V 


READ CYCLE TIMING (See Notes 1 , 2 and 9) 


Parameter 

Symbol 

MCM6226-25 

MCM6226-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

25 

— 

30 

— 

ns 

3 

Address Access Time 

V\VQV 

*AA 

— 

25 

— 

30 

ns 


Enable Access Time 

tELQV 

*ACS 

- 

25 

- 

30 

ns 

8 

Output Enable Access Time 

fGLQV 

tOE 

- 

12 

- 

15 

ns 


Output Hold from Address Change 

fAXQX 

*OH 

5 

- 

5 

- 

ns 


Enable Low to Output Active 

fELQX 

tLZ 

5 

- 

5 

- 

ns 

4, 5,6 

Output Enable Low to Output Active 

fGLQX 

*LZ 

0 

- 

0 

- 

ns 

4, 5,6 

Enable High to Output High-Z 

fEHQZ 

tHZ 

0 

10 

0 

12 

ns 

4, 5,6 

Output Enable High to Output High-Z 

fGHQZ 

tHZ 

0 

10 

0 

12 

ns 

4, 5,6 

Power Up Time 

fELICCH 

fpu 

0 

— 

0 

- 

ns 


Power Down Time 

fEHICCL 

tPD 

— 

25 

— 

30 

ns 



NOTES: 

1 . W is high for read cycle. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, t£HQZ (max) is less than t^LQX ( min ). and tGHQZ (max) is less than tQ|_Qx (min), both for a given 
device and from device to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1b. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E < V|i_, G < V||_)- 

8. Addresses valid prior to or coincident with E going low. 

9. E-) and E 2 are represented by E in this data sheet. E 2 is of opposite polarity to E-| . 


READ CYCLE 1 (See Notes 1 , 2, 7 and 9 above) 
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MCM6226 


READ CYCLE 2 (See Notes 8 and 9) 


A (ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

Q (DATA OUT) 

SUPPLY CURRENT 



WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, 7 and 8) 


Parameter 

Symbol 

MCM6226-25 

MCM6226-30 



Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

twc 

25 

— 

30 

- 

B 

ioi 

Address Setup Time 

*AVWL 

*AS 

0 

- 

0 

B9I 



Address Valid to End of Write 

Mil 

*AW 


- 

25 

- 

ns 


Write Pulse Width 

nm 



- 

25 

- 

ns 


Data Valid to End of Write 

B B 



- 


- 



Data Hold Time 

*WHDX 

*DH 

0 

- 

0 

- 

ns 


Write Low to Data High-Z 

tWLQZ 

*WZ 

0 

10 

0 

12 

ns 

4, 5,6 

Write High to Output Active 

*WHQX 

tow 

5 

— 

5 

- 

ns 

4,5,6 

Write Recovery Time 

tyVHAX 

*WR 

0 

- 

0 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1b. 

5. This parameter is sampled and not 100% tested. 

6. At_any given voltage and temperature, tyvLQZ (max) is less than twHQX ( min ) both f° r a 9 iven device and from device to device. 

7. Ei and E 2 are represented by E in this data sheet. E 2 is of opposite polarity to E-j . 

8. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 
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WRITE CYCLE 1 (W Controlled, See Notes 1,2,7 and 8) 



AC TEST LOADS 


TIMING LIMITS 


+ 5 V 



480 a 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 


MOTOROLA MEMORY DATA 
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WRITE CYCLE 2 (E Controlled, See Notes 1,2,6 and 7) 


Parameter 

Symbol 

MCM6226-25 

MCM6226-30 

Unit 

Notes 

Standard | 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

WERBM 

*WC 

25 

- 

30 

- 

ns 

3 

Address Setup Time 

BS93I 

*AS 

0 

— 

0 

- 

ns 


Address Valid to End of Write 

HSSB 

MSM 

20 

— 

25 

— 

ns 


Enable to End of Write 



20 

— 

25 

— 

ns 

4,5 

Enable to End of Write 



20 

- 

25 

- 

ns 


Write Pulse Width 



20 

- 

25 

— 

ns 


Data Valid to End of Write 

*DVEH 

*DW 

10 

— 

12 

— 

ns 


Data Hold Time 

*EHDX 

*DH 

0 

— 

0 

- 

ns 


Write Recovery Time 

*EHAX 

*WR 

0 

— 

0 

- 

ns 



N0TES: _ 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. Alhimings are referenced from the last, valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

5. IfJE goes high coincident with 0 £ before W goes high, the output will remain in ajTigh-impedance state. 

6. E^_and E 2 are represented by E in thisdata sheet. E 2 is of opposite polarity to Ei . 

7. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 


WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, 6 and 7) 



* t AV AV > 


A (ADDRESS) ) 

( ) 

( 


< tAVEH ► 

tELEH *• 



E (CHIP ENABLE) 

\ / 


l EHAX 


r l AVEL >< tELWH 


W (WRITE ENABLE) 

\ 1 

/ 

1* — tDVEH ► 


WfflM 


< iehdx 


Q (DATA OUT) 
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ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6226 xx xx xx 

Motorola Memory Prefix 
Part Number 

Package (W = 400-mil, J = SOJ) 

Full Part Numbers — MCM6226WJ25 
MCM6226WJ30 


L 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (25 = 25 ns, 30 = 30 ns) 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

MCM6226A 


Advance Information 

128K x 8 Bit Static Random 
Access Memory 

The MCM6226A is a 1 ,048,576 bit static random-access memory organized as 
131 ,072 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes 
while CMOS circuitry reduces power consumption and provides for greater reliability. 
_The MCM6226A is equipped with both chip enable (E-) and E2) and output enable 
(G) pins, allowing for greater system flexibility and eliminating bus contention 
problems. 

The MCM6226A is available in a 400-mil, 32-lead surface-mount SOJ package. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access Time: 20/25/30 ns 

• Equal Address and Chip Enable Access Times 

• All Inputs and Outputs are TTL-Compatible 

• Three-State Outputs 

• Low Power Operation: 1 55/1 35/1 1 5 mA Maximum, Active ac 


BLOCK DIAGRAM 




WJ PACKAGE 
400-MIL SOJ 
CASE 857 A 


PIN ASSIGNMENT 

NC [ 

1 • 

32 

] V CC 

A0 [ 

2 

31 

] A16 

Alt 

3 

30 

] e 2 

A2 [ 

4 

29 

] W 

A3 [ 

5 

28 

] A15 

A4 [ 

6 

27 

] A14 

A5 [ 

7 

26 

] A13 

A6 [ 

8 

25 

] A12 

A7 [ 

9 

24 

] § 

A8 [ 

10 

23 

] All 

A9 [ 

11 

22 

3 Ei 

A10 [ 

12 

21 

] DQ7 

DQO [ 

13 

20 

3 DQ6 

DQ1 [ 

14 

19 

] DQ5 

DQ2 [ 

15 

18 

] DQ4 

v ss C 

16 

17 

] DQ3 


PIN NAMES 


A0-A16 Address Inputs 

W Write Enable 

G Output Enable 

E-| , E 2 Chip Enables 

DQ0-DQ7 Data Inputs/Outputs 

NC No Connect 

Vqq +5V Power Supply 

Vgs Ground 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6226A TRUTH TABLE 


El 

e 2 

G 

w 

Mode 

I/O Pin 

Cycle 

Current 

H 

X 

X 

X 

Not Selected 

High-Z 

— 

'SBI ' *SB2 

X 

L 

X 

X 

Not Selected 

High-Z 

- 

>SB1> *SB2 

L 

H 

H 

H 

Output Disabled 

High-Z 

- 

•CCA 

L 

H 

L 

H 

Read 

D out 

Read 

'CCA 

L 

H 

X 

L 

Write 

D in 

Write 

»CCA 


H = High, L = Low, X = Don’t Care 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to Vqs 

V CC 

- 0.5 to 7.0 

V 

Voltage Relative to Vqs tor any Pin 

Except Vqc 

V in . V out 

-0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation 0 a = 25°C) 

Pd 

1.1 

W 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°c 

Storage Temperature 

las 

-55 to + 150 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high-impedance circuits. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5.0 V ± 10%, T A = 0to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.5 

V 

Input High Voltage 

V|H 

2.2 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.8 

V 

*V||_ (min) = - 0.5 Vqc; V||_ (min) = - 2.0 V A q (pulse width < 20 ns); V|h (max) = Vqc + 2 V AC (pulse width 

< 20 ns). 


DC CHARACTERISTICS AND SUPPLY CURRENTS 





Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'Ml) 

- 

±1 

PA 

Output Leakage Current (E* = Vj^, V out = 0 to Vqq) 

'lkg(O) 

- 

±1 

PA 

AC Active Supply Current (l ou t = 0 mA, Vqq = max) 




mA 

MCM6226A-20: t/\\/AV = 20 "S 

'CCA 

— 

155 


MCM6226A-25: t AV AV = 25 ns 


— 

135 


MCM6226A-30: t AVA v = 30 ns 


— 

115 


AC Standby Current (Vqq = max, E*= V||-j, t = f m ax) 

'SBI 

- 

20 

mA 

CMOS Standby Current (E* > Vqq - 0.2 V, 

Vj n < Vqs + 0.2 V or > Vqq - 0.2 V, Vqq = max, f = 0 MHz) 

'SB2 

— 

15 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

- 

0.4 

V 

Output High Voltage (Iqh = - 4 -0 mA) 

v OH 

2.4 

— 

V 


*Ei and E£ are represented by E in this data sheet. E 2 is of opposite polarity to E^ . 
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CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Max 

Max 

Unit 

Input Capacitance 

All Inputs Except Clocks and DQ 

Cin 

4 

6 

pF 


Ei,E 2 , g, w 

^ck 

5 

8 


I/O Capacitance 

DQ 

c l/0 

5 

8 

pF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T/\ = 0 to + 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V Output Timing Measurement Reference Level 1 .5 V 

Input Rise/Fall Time 2 ns Output Load See Figure la 

Input Timing Measurement Reference Level 1 .5 V 


READ CYCLE TIMING (See Notes 1 , 2 and 9) 


Parameter 

Symbol 

MCM6226A-20 

MCM6226A-25 

MCM6226A-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

20 

- 

25 

- 

30 

- 

ns 

3 

Address Access Time 

fAVQV 

*AA 

— 

20 

- 

25 

- 

30 

ns 


Enable Access Time 

*ELQV 

tACS 

— 

20 

- 

25 

- 

30 

ns 

8 

Output Enable Access Time 

*GLQV 

tOE 

- 

10 

- 

12 

- 

15 

ns 


Output Hold from Address Change 

fAXQX 

*OH 

5 

- 

5 

- 

5 

- 

ns 


Enable Low to Output Active 

fELQX 

tLZ 

5 

- 

5 

- 

5 

- 

ns 

4, 5,6 

Output Enable Low to Output Active 

fGLQX 

tLZ 

0 

- 

0 

- 

0 

- 

ns 

4, 5,6 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

9 

0 

10 

0 

12 

ns 

4, 5,6 

Output Enable High to Output High-Z 

l GHQZ 

tHZ 

0 

9 

0 

10 

0 

12 

ns 

4, 5,6 

Power Up Time 

tELICCH 

tpu 

0 

- 

0 

- 

0 

- 

ns 


Power Down Time 

tEHICCL 

tPD 

- 

20 

- 

25 

- 

30 

ns 



NOTES: 

1 . W is high for read cycle. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, t^HOZ (max) is less than tgLQX (min), and tQHQZ (max) is less than tQLQx (min), both for a given 
device and from device to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 b. 

6. This parameter is sampled and not 1 00% tested. 

7. Device is continuously selected (E < V||_, G < V|l). 

8. Addresses valid prior to or coincident with E going low. 

9. 17 and E 2 are represented by E in this data sheet. E 2 is of opposite polarity to ETj\ 


READ CYCLE 1 (See Notes 1 , 2, 7, and 9) 




< WAV 

A (ADDRESS) ) 

( 


< tAXQX ► 


Q (DATA OUT) 

PREVIOUS DATA VALID ) 

mm 


mm J 

c 

< 


x 


DATA VALID 
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READ CYCLE 2 (See Notes 8 and 9) 



WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, 7 and 8) 


Parameter 

Symbol 

MCM6226A-20 

MCM6226A-25 

MCM6226A-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

twc 

20 

— 

25 

— 

30 

— 

ns 

3 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

*AVWH 

l AW 

15 

— 

20 

- 

25 

- 

ns 


Write Pulse Width 

*WLWH 

twp 

15 

— 

20 

— 

25 

- 

ns 


Data Valid to End of Write 

*DVWH 

*DW 

10 

- 

12 

- 

15 

- 

ns 


Data Hold Time 

*WHDX 

l DH 

0 

- 

0 

— 

0 

- 

ns 


Write Low to Data High-Z 

tWLQZ 

*WZ 

0 

9 

0 

10 

0 

12 

ns 

4, 5,6 

Write High to Output Active 

*WHQX 

tow 

5 

— 

5 

- 

5 

- 

ns 

4, 5,6 

Write Recovery Time 

*WHAX 

tWR 

0 

— 

0 

- 

0 

- 

ns 



N0TES: _ 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus 
contention conditions during read and write cycles. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 b. 

5. This parameter is sampled and not 1 00% tested. 

6. At_any given voltage and temperature, tyvLQZ (max) is less than ty\/HQx (min) both for a given device and from device to device. 

7. E-pand E 2 are represented by E in thte data sheet. E 2 is of opposite polarity to E-j . 

8. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 
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WRITE CYCLE 1 (W Controlled, See Notes 1,2,7 and 8) 


A (ADDRESS) 


E (CHIP ENABLE) 


W (WRITE ENABLE) 


D (DATA IN) 


Q (DATA OUT) 



AC TEST LOADS 


TIMING LIMITS 


+ 5 V 



480 Q 


5pF 

(INCLUDING 
SCOPE AND JIG) 


The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 
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WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, 6 and 7) 


Parameter 

Symbol 

MCM6226A-20 

MCM6226A-25 

MCM6226A-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

20 

- 

25 

- 

30 

- 

ns 

3 

Address Setup Time 

*AVEL 

*AS 

0 

- 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

*AVEH 

*AW 

15 

— 

20 

- 

25 

- 

ns 


Enable to End of Write 

*ELEH 

^CW 

15 

- 

20 

- 

25 

- 

ns 

4,5 

Enable to End of Write 

*ELWH 

tew 

15 

— 

20 

- 

25 

- 

ns 


Write Pulse Width 

tWLEH 

t W p 

15 

— 

20 

— 

25 

— 

ns 


Data Valid to End of Write 

tDVEH 

l DW 

8 

— 

10 

— 

12 

— 

ns 


Data Hold Time 

*EHDX 

*DH 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

*EHAX 

*WR 

0 

- 

0 

- 

0 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus 
contention conditions during read and write cycles. 

3. AHjimings are referenced from the lasrt valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

5. lf_E goes high coincident with o£ before W goes high, the output will remain in a high-impedance state. 

6. E-j_and E 2 are represented by E in this^data sheet. E 2 is of opposite polarity to E-j . 

7. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 


A (ADDRESS) 


E (CHIP ENABLE) 


W (WRITE ENABLE) 


D (DATA IN) 


Q (DATA OUT) 


WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, 6 and 7) 
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Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6226A WJ 




Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Speed (20 « 20 ns, 25 = 25 ns, 30 = 30 ns) 


Package (W = 400-mil, J = SOJ) 


Full Part Numbers — MCM6226AWJ20 
MCM6226AWJ25 
MCM6226AWJ30 
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MOTOROLA 

■ SEMICONDUCTOR mm—m—m—mi 

TECHNICAL DATA 

256K x 4 Bit Static Random 
Access Memory 

The MCM6229 is a 1 ,048,576 bit static random-access memory organized as 
262,144 words of 4 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes 
while CMOS circuitry reduces power consumption and^provides for greater reliability. 

The MCM6229 is equipped with both chip enable (E) and output enable (G) pins, 
allowing for greater system flexibility and eliminating bus contention problems. Either 
input, when high, will force the outputs to high impedance. 

The MCM6229 is available in a 400-mil, 28-lead surface-mount SOJ package. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access Time: 25/30 ns 

• Equal Address and Chip Enable Access Times 

• All Inputs and Outputs are TTL-Compatible 

• Three-State Outputs 

• Low Power Operation. 1 70/165 mA Maximum, Active ac 


BLOCK DIAGRAM 



MCM6229 



WJ PACKAGE 
400-MIL SOJ 
CASE 810-03 


PIN ASSIGNMENT 

AO [ 

1 • 

28 

] V CC 

A1 [ 

2 

27 

] A17 

A2 [ 

3 

26 

] A16 

A3 [ 

4 

25 

] A15 

A4 [ 

5 

24 

] A14 

A5 [ 

6 

23 

] A13 

A6 [ 

7 

22 

] A12 

A7 [ 

8 

21 

] All 

A8 [ 

9 

20 

] NC 

A9 [ 

10 

19 

] DQ3 

A10 [ 

11 

18 

] DQ2 

e[ 

12 

17 

] DQ1 

g[ 

13 

16 

] DQ0 

v ss [ 

14 

15 

] W 


PIN NAMES 


A0-A1 7 Address Inputs 

W Write Enable 

G Output Enable 

E Chip Enable 

DQ0-DQ3 — — Data Inputs/Outputs 

NC No Connect 

Vqq +5V Power Supply 

V$s Ground 
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MCM6229 TRUTH TABLE 


E 

G 

W 

Mode 

I/O Pin 

Cycle 

Current 

H 

X 

X 

Not Selected 

High-Z 

- 

•iSBI ’ *SB2 

L 

H 

H 

Output Disabled 

High-Z 

- 

'CCA 

L 

L 

H 

Read 

D out 

Read 

*CCA 

L 

X 

L 

Write 

Din 

Write 

<CCA 


H = High, L = Low, X = Don’t Care 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to Vgs 

V CC 

-0.5 to 7.0 

V 

Voltage Relative to Vgg for Any Pin 

Except Vqc 

v in> v out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation Oa - 25°C) 

PD 

1.1 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

Istg 

- 55 to + 1 50 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to these high-impedance circuits. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ty\ = 0 to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.5 

V 

Input High Voltage 

V|H 

2.2 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.8 

V 


*V|[_ (min) = -0.5 Vqc ; V IL ( min ) = -2-0 V AC (pulse width < 20 ns); V|h (max) = Vqq +2 V^q (pulse width < 20 ns) 

DC CHARACTERISTICS AND SUPPLY CURRENTS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikgfl) 

- 

±1 

|iA 

Output Leakage Current (E = Vm, V ou t = 0 to Vqq) 

'ikg(O) 

— 

±1 

pA 

AC Active Supply Current MCM6229-25: t^VAV = 25 ns 

(l ou t = 0 mA) (Vqq = Max) MCM6229-30: t^VAV = 30 ns 

*CCA 

— 

170 

165 

mA 

AC Standby Current MCM6229-25: t^VAV = 25 ns 

(Vcc = max, E = V|h, f = fmax) MCM6229-30: t/\VAV = 30 ns 

'SBI 


60 

55 

mA 

CMOS Standby Current (E > Vqq -0.2 V, 

Vj n < Vgg + 0.2 V or > Vqq - 0.2 V, Vqq = max, f = 0 MHz) 

>SB2 

— 

15 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

- 

0.4 

V 

Output High Voltage (Iqh = “ 4 0 mA ) 

v OH 

2.4 

- 

V 
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CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Input Capacitance 


Input/Output Capacitance 


Characteristic 

Symbol 

Typ 

Max 

Unit 

All Inputs Except Clocks and DQ 

c in 

4 

6 

PF 

E, G, and W 

^ck 

5 

8 


DQ 

C|/Q 

5 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V Output Timing Measurement Reference Level 1 .5 V 

Input Rise/Fall Time 2 ns Output Load See Figure 1 a 

Input Timing Measurement Reference Level 1 .5 V 


READ CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

MCM6229-25 

MCM6229-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

*RC 

25 

- 

30 

- 

ns 

2,3 

Address Access Time 

tAVQV 

l AA 

- 

25 

- 

30 

ns 


Enable Access Time 

*ELQV 

*ACS 

- 

25 

— 

30 

ns 

8 

Output Enable Access Time 

tGLQV 

l OE 

- 

12 

— 

15 

ns 


Output Hold from Address Change 

*AXQX 

fOH 

5 

- 

5 

- 

ns 


Enable Low to Output Active 

fELQX 

tL Z 

5 

- 

5 

- 

ns 

4, 5,6 

Output Enable Low to Output Active 

kaLQX 

tLZ 

0 

- 

0 

- 

ns 

4, 5,6 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

10 

0 

12 

ns 

4, 5,6 

Output Enable High to Output High-Z 

fGHQZ 

tHZ 

0 

10 

0 

12 

ns 

4, 5,6 

Power Up Time 

tELICCH 

tpu 

0 

- 

0 

- 

ns 


Power Down Time 

fEHICCL 

tPD 

- 

25 

- 

30 

ns 



NOTES: 

1 . W is high for read cycle. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, t^HQZ max is ,ess than *ELQX min > and fGHQZ max is less than *GLQX min > both for a given device and 
from device to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 b. 

6. This parameter is sampled and not 1 00%Jested. 

7. Device is continuously selected (E < Vj[_, G_^ V|j_). 

8. Addresses valid prior to or coincident with E going low. 


A (ADDRESS) 


Q (DATA OUT) 


READ CYCLE 1 (See Notes 1 , 2, and 7 above) 
*AVAV 


tAXQX* 


PREVIOUS DATA VALID 


fflSK 


DATA VALID 


l AVQV - 
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READ CYCLE 2 (See Note 8 above) 



WRITE CYCLE 1 (W Controlled, See Notes 1 , 2 and 7) 


Parameter 

Symbol 

MCM6229-25 

MCM6229-30 

Unit 

Notes 



Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

tWC 

25 

- 

30 

— 

ns 

3 

Address Setup Time 

■m 

*AS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

m 

*AW 

20 

- 

25 

- 

ns 


Write Pulse Width 


| 

£1^11 

- 


- 



Data Valid to End of Write 


| 

mm 

- 

15 

— 



Data Hold Time 


| 

0 

- 

0 

— i 

mi 


Write Low to Data High-Z 

tWLQZ 

tWZ 

0 


0 


131 

4, 5,6 

Wirte High to Output Active 

tWHQX 

tow 

5 

— 

5 

- 

ns 

4, 5,6 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1b. 

5. This parameter is sampled and not 100% tested. 

6. At jany given voltage and temperatureJwLQZ max is less than tWHQX min both t° r a 9 iven device and from device to device. 

7. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 , 2 and 7) 



AC TEST LOADS 


TIMING LIMITS 


+ 5 V 



Figure 1 


The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 
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WRITE CYCLE 2 (E Controlled, See Note 1 , 2, and 6) 


Parameter 

Symbol 

MCM6229-25 

MCM6229-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

25 

- 

30 

— 

ns 

3 

Address Setup Time 

*AVEL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVEH 

*AW 

20 

— 

25 

— 

ns 


Enable to End of Write 

tELEH 

*CW 

20 

— 

25 

— 

ns 

4,5 

Enable to End of Write 

*ELWH 

tew 

20 

- 

25 

- 

ns 


Write Pulse Width 

tWLEH 

t W p 

20 

- 

25 

- 

ns 


Data Valid to End of Write 

tDVEH 

tDW 

10 

- 

12 

- 

ns 


Data Hold Time 

*EHDX 

tDH 

0 

— 

0 

— 

ns 


Write Recovery Time 

*EHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES; 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. AHtimings are referenced from the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

5. If E[goes high coincident with or before W goes high, the output will remain in a high-impedance state. 

6. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, and 6) 



Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6229 xx 


A. A 

X. 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (25 = 25 ns, 30 = 30 ns) 


Package (w = 400-mil, J = SOJ) 

Full Part Numbers — MCM6229WJ25 
MCM6229WJ30 
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MOTOROLA 

■ SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

256K x 4 Bit Static Random 
Access Memory 

The MCM6229A is a 1 ,048,576 bit static random-access memory organized as 
262,144 words of 4 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes 
while CMOS circuitry reduces power consumption and provides for greater reliability. 

The MCM6229A is equipped with both chip enable (E) and output enable (G) 
pins, allowing for greater system flexibility and eliminating bus contention problems. 
Either input, when high, will force the outputs to high impedance. 

The MCM6229A is available in a 400-mil, 28-lead surface-mount SOJ package. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access Time: 20/25/30 ns 

• Equal Address and Chip Enable Access Times 

• All Inputs and Outputs are TTL-Compatible 

• Three-State Outputs 

• Low Power Operation: 1 40/1 20/1 00 mA Maximum, Active ac 
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WJ PACKAGE 
400-MIL SOJ 
CASE 810-03 


PIN ASSIGNMENT 

AO [ 

1 • 

28 

] V CC 

Alt 

2 

27 

] A17 

A2 [ 

3 

26 

] A16 

A3 [ 

4 

25 

] A15 

A4 [ 

5 

24 

] A14 

A5 [ 

6 

23 

] A13 

A6 [ 

7 

22 

] A12 

A7 [ 

8 

21 

] All 

A8 [ 

9 

20 

] NC 

A9 [ 

10 

19 

] DQ3 

A10 [ 

11 

18 

] DQ2 

e[ 

12 

17 

] DQ1 

g[ 

13 

16 

] DQO 

V SS [ 

14 

15 

] W 


PIN NAMES 

A0-A17 .. 

Address Inputs 

W 

Write Enable 

G 

Output Enable 

E 

Chip Enable 

DQ0-DQ3 

Data Inputs/Outputs 

NC 

No Connect 

v cc 

+ 5 V Power Supply 

v ss 

Ground 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6229A TRUTH TABLE 


E 

G 

W 

Mode 

I/O Pin 

Cycle 

Current 

H 

X 

X 

Not Selected 

High-Z 

- 

'SBI- 'SB2 

L 

H 

H 

Output Disabled 

High-Z 

- 

•CCA 

L 

L 

H 

Read 

D out 

Read 

•CCA 

L 

X 

L 

Write 

D in 

Write 

<CCA 


H = High, L = Low, X = Don’t Care 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to V$s 

V CC 

- 0.5 to 7.0 

V 

Voltage Relative to Vqs for Any Pin 

Except Vqq 

< 

o' 

< 

o 

c 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

*out 

±20 

mA 

Power Dissipation (T A = 25°C) 

Pd 

1.1 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

Istg 

-55 to + 150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high-impedance circuits. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.5 

V 

Input High Voltage 

V|H 

2.2 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.8 

V 


*V|i_ (min) = - 0.5 Vqq; Vj|_ (min) = - 2.0 V A q (pulse width < 20 ns); Vjh (max) = Vqq + 2 V A q (pulse width < 20 ns) 

DC CHARACTERISTICS AND SUPPLY CURRENTS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'iKg(i) 

- 

± 1 

pA 

Output Leakage Current (E = Vm, V out = 0 to Vqq) 

'lkg(O) 

- 

±1 

pA 

AC Active Supply Current (l ou t = 0 mA, Vqq = max) 





MCM6229A-20: t A \/AV = 20 ns 

•CCA 

— 

140 

mA 

MCM6229A-25: t AVAV = 25 ns 



120 


MCM6229A-30: t AV AV = 30 ns 


- 

100 


AC Standby Current (Vqq = max, E = V|h, f = f m ax) 

•SBI 

- 

20 

mA 

CMOS Standby Current (E > Vqq - 0.2 V, 

'SB2 

— 

15 

mA 

Vj n < V SS + 0.2 V or > Vqq - 0.2 V, Vqq = max, f = 0 MHz) 





Output Low Voltage (Iql = + 8.0 mA) 

VOL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

- 

V 
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CAPACITANCE (f * 1 .0 MHz, dV = 3.0 V, T^ = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

iyp 

Max 

Unit 

Input Capacitance 

All Inputs Except Clocks and DQ 

C in 

4 

6 

PF 


E, G, and W 

C ck 

5 

8 


Input/Output Capacitance 

DQ 

c l/0 

5 

8 

pF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V Output Timing Measurement Reference Level 1 .5 V 

Input Rise/Fall Time 2 ns Output Load See Figure la 

Input Timing Measurement Reference Level 1.5 V 


READ CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

MCM6229A-20 

MCM6229A-25 

MCM6229A-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

20 

— 

25 

— 

30 

- 

ns 

2,3 

Address Access Time 

tAVQV 

*AA 

- 

20 

- 

25 

- 

30 

ns 


Enable Access Time 

tELQV 

tACS 

— 

20 

— 

25 

— 

30 

ns 

8 

Output Enable Access Time 

*GLQV 

tOE 

— 

10 

— 

12 

— 

15 

ns 


Output Hold from Address Change 

*AXQX 

tOH 

5 

— 

5 

— 

5 

— 

ns 


Enable Low to Output Active 

*ELQX 

tLZ 

5 

— 

5 

— 

5 

— 

ns 

4, 5,6 

Output Enable Low to Output Active 

tGLQX 

*LZ 

0 

— 

0 

— 

0 


ns 

4, 5,6 

Enable High to Output High-Z 

tEHQZ 

*HZ 

0 

9 

0 

10 

0 

12 

ns 

4, 5,6 

Output Enable High to Output High-Z 

tGHQZ 

tHZ 

0 

9 

0 

10 

0 

12 

ns 

4, 5,6 

Power Up Time 

tELICCH 

tpu 

0 

- 

0 

— 

0 

- 

ns 


Power Down Time 

tEHICCL 

tPD 

— 

20 

— 

25 

- 

30 

ns 



NOTES: 

1 . W is high for read cycle. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, tEHQZ max is ,ess than tELQX min > and *GHQZ max is ,ess than *GLQX m ' n * both for a given device and 
from device to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1b. 

6. This parameter is sampled and not 1 00% tested. 

7. Device is continuously selected (E < V|l, G < V|l). 

8. Addresses valid prior to or coincident with E going low. 



READ CYCLE 1 (See Notes 1 , 2, and 7) 


< tAVAV ► 

A (ADDRESS) ) 

( ) 

( 


< *AXQX * 

Q (DATA OUT) 

PREVIOUS DATA VALID )(XXXXXXXX) 

( DATA VALID 


k tAVQV ► 
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NOTES: _ _ 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus 
contention conditions during read and write cycles. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1b. 

5. This parameter is sampled and not 1 00% tested. 

6. At_any given voltage and temperatureJvVLQZ max is ,ess than tWHQX min both for a given device and from device to device. 

7. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 , 2 and 7) 



AC TEST LOADS 


TIMING LIMITS 


+ 5 V 



480 ft 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 
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WRITE CYCLE 2 (E Controlled, See Notes 1 , 2 and 6) 


Parameter 

Symbol 

MCM6229A-20 

MCM6229A-25 

MCM6229A-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

%C 

20 

- 

25 

- 

30 

- 

ns 

3 

Address Setup Time 

*AVEL 

*AS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVEH 

*AW 

15 

— 

20 

— 

25 

— 

ns 


Enable to End of Write 

tELEH 

tew 

15 

— 

20 

— 

25 

— 

ns 

4,5 

Enable to End of Write 

tELWH 

tew 

15 

— 

20 

- 

25 

- 

ns 


Write Pulse Width 

tWLEH 

t W p 

15 

— 

20 

- 

25 

- 

ns 


Data Valid to End of Write 

*DVEH 

tDW 

8 

— 

10 

- 

12 

- 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

- 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

0 

- 

0 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus 
contention conditions during read and write cycles. 

3. Alljimings are referenced from the lasrt valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

5. If £goes high coincident with or before W goes high, the output will remain in a high-impedance state. 

6. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 


WRITE CYCLE 2 (E Controlled, See Notes 1 , 2 and 6) 



MOTOROLA MEMORY DATA 





MCM6229A 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6229A WJ xx xx 



Full Part Numbers — MCM6229AWJ20 
MCM6229AWJ25 
MCM6229AWJ30 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

512K x 8 Bit Static Random 
Access Memory 

The MCM6246 is a 4,194,304 bit static random access memory organized as 
524,288 words of 8 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, 
while CMOS circuitry reduces power consumption and provides for greater reliability. 

The MCM6246 is equipped with chip enable (E) and output enable (G) pins, 
allowing for greater system flexibility and eliminating bus contention problems. Either 
input, when high, will force the outputs into high impedance. 

The MCM6246 is available in a 400-mil, 36-lead surface-mount SOJ package. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access Time: 25/30/35 ns 

• Equal Address and Chip Enable Access Time 

• All Inputs and Outputs are TTL Compatible 

• Three-State Outputs 

• Power Operation: 1 60/1 55/1 50 mA Maximum, Active ac 
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PIN ASSIGNMENT 

A6 [ 

1 

36 

] NC 

A7[ 

2 

35 

] *i 

A8 [ 

3 

34 

] AO 

A9 [ 

4 

33 

] A5 

A17 [ 

5 

32 

] A4 


6 

31 

] 5 

DQO [ 

7 

30 

] DQ7 

DQ1 [ 

8 

29 

] DQ6 

V CC [ 

9 

28 

] V SS 

V SS [ 

10 

27 

] V CC 

DQ2 [ 

11 

26 

] DQ5 

DQ3 [ 

12 

25 

] DQ4 

W [ 

13 

24 

] A16 

A18 [ 

14 

23 

] A15 

A10 [ 

15 

22 

] A14 

All [ 

16 

21 

] A3 

A12 [ 

17 

20 

1 « 

A13 [ 

18 

19 

] NC 


PIN NAMES 


A0-A18 Address Inputs 

W Write Enable 

G Output Enable 

E Chip Enable 

DQ0-DQ7 Data Input/Output 

NC No Connection 

Vqq + 5 V Power Supply 

Vss Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6246 TRUTH TABLE 


E 

G 

W 

Mode 

I/O Pin 

Cycle 

Current 

H 

X 

X 

Not Selected 

High-Z 

- 

•SB1 > *SB2 

L 

H 

H 

Output Disabled 

High-Z 

- 

'CCA 

L 

L 

H 

Read 

D out 

Read 

>CCA 

L 

X 

L 

Write 

High-Z 

Write 

'CCA 


X = Don’t Care 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to Vqs 

V CC 

-0.5 to + 7.0 

V 

Voltage Relative to Vqs for Any Pin 

Except Vqc 

< 

< 

o 

c 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation 0a = 25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature — Plastic 

Ista 

- 55 to + 1 50 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedance circuits. 

This CMOS memory circuit has 
been designed to meet the DC and 
AC specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T A = 0to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

CO 

o 

+ 

O 

O 

> 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V||_ (min) = - 0.5 V dc; V|[_ (min) = - 2.0 V ac (pulse width < 20 ns). 

DC CHARACTERISTICS AND AC CURRENTS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikg(i) 

— 

- 

±1.0 

pA 

Output Leakage Current (E = V||_], V ou t = 0 to Vqq) 

'lkg(O) 

- 

- 

±1.0 

pA 

AC Active Supply Current (l ou t = 0 mA) 

MCM6246-25: tAVAV = 25 ns 

•cc 

— 

150 

160 

mA 

(Vqq = max) 

MCM6246-30: t AVAV = 80 ns 


— 

140 

150 



MCM6246-35: t^VAV = 85 ns 


— 

130 

140 


AC Standby Current (Vqq = max) 

MCM6246-25: tAVAV = 85 ns 

'SBI 

— 

50 

60 

mA 

(E = V|h, No other restrictions on other inputs) 

MCM6246-30: tAVAV = 80 ns 


— 

40 

50 



MCM6246-35: tAVAV = 85 ns 


— 

35 

40 


CMOS Standby Current (E > Vqq - 0.2 V, V in < V S s + 0.2 V or > Vqq - 0.2 V) 

'SB2 

— 

10 

15 

mA 

(Vqq = max, f = 0 MHz) 







Output Low Voltage (Iql = + 8.0 mA) 

v OL 

- 

- 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

2.4 

- 

- 

V 
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CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T/\ = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Input Capacitance 


Input/Output Capacitance 


Characteristic 

Symbol 

Typ 

Max 

Unit 

All Inputs Except Clocks and DQ 

Cin 

4 

6 

pF 

E, G, W 

C ck 

5 

8 


DQ 

C|/Q 

5 

8 

pF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 


(Vqq = 5.0 V ± 10%, T/\ = 0 to + 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V Output Timing Measurement Reference Level 1 .5 V 

Input Rise/Fall Time 2 ns Output Load See Figure 1 

Input Timing Measurement Reference Level 1.5 V 


READ CYCLE TIMING (See Note 1) 


Parameter 

Symbol 

MCM6246-25 

MCM6246-30 

MCM6246-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

fAVAV 

tRC 

25 

- 

30 

- 

35 

- 

ns 

2,3 

Address Access Time 

fAVQV 

*AA 

— 

25 

- 

30 

- 

35 

ns 


Enable Access Time 

fELQV 

fACS 

- 

25 

- 

30 

- 

35 

ns 

8 

Output Enable Access Time 

tGLQV 

tOE 

— 

12 

- 

13 

- 

14 

ns 


Output Hold from Address Change 

*AXQX 

k)H 

5 

- 

5 

- 

5 

- 

ns 


Enable Low to Output Active 

fELQX 

tLZ 

5 

- 

5 

- 

5 

- 

ns 

4, 5,6 

Output Enable Low to Output Active 

l GLQX 

tLZ 

0 

- 

0 

- 

0 

- 

ns 

4, 5,6 

Enable High to Output High-Z 

fEHQZ 

tHZ 

0 

12 

0 

14 

0 

16 

ns 

4, 5,6 

Output Enable High to Output High-Z 

tGHQZ 

tHZ 

0 

12 

0 

14 

0 

16 

ns 

4, 5,6 

Power Up Time 

tELICCH 

fpu 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

fEHICCL 

fPD 

- 

25 

- 

30 

- 

35 

ns 



NOTES: 

1 . W is high for read cycle. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All read cycle timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, t£HQZ max < *ELQX min > and kaHQZ max < tGHQX min > both f° r a 9 iven device and from device to 
device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E < V|[_ G< V||_). 

8. Addresses valid prior to or coincident with E going low. 


A (ADDRESS) 


Q (DATA OUT) 


READ CYCLE 1 (See Note 7 Above) 
*AVAV 


X 


tAXQX- 


PREVIOUS DATA VALID 


ffiXESK 


l AVQV " 



DATA VALID 
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READ CYCLE 2 (See Note) 



NOTE: Addresses valid prior to or coincident with E going low. 


AC TEST LOADS 



TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a maxi- 
mum since the device never provides data 
later than that time. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, and 7) 


Parameter 

Symbol 

MCM6246-25 

MCM6246-30 

MCM6246-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

l AVAV 

*WC 

25 

- 

30 

- 

35 

- 

ns 

3 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

— 

0 

- 

ns 


Address Valid to End of Write 

*AVWH 

*AW 

20 

— 

25 

— 

30 

— 

ns 


Write Pulse Width 

tWLWH 

t W p 

20 

— 

25 

— 

30 

- 

ns 


Data Valid to End of Write 

toVWH 

tow 

12 

- 

13 

- 

14 

- 

ns 


Data Hold Time 

*WHDX 

toH 

0 

- 

0 

- 

0 

- 

ns 


Write Low to Data High-Z 

tWLQZ 

*wz 

0 

12 

0 

14 

0 

16 

ns 

4, 5,6 

Write High to Output Active 

*WHQX 

tow 

5 

- 

5 

— 

5 

- 

ns 

4, 5,6 

Write Recovery Time 

*WHAX 

*WR 

0 

- 

0 

— 

0 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 . 

5. This parameter is sampled and not 100% tested. 

6. At _any given voltage and temperatureJwLQz max < tyVHQX min I 30 ** 1 f° r a given device and from device to device. 

7. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 


WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, and 7) 
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WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, and 6) 


Parameter 

Symbol 

MCM6246-25 

MCM6246-30 

MCM6246-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

25 

— 

30 

— 

35 

— 

ns 

3 

Address Setup Time 

*AVEL 

f AS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

*AW 

20 

— 

25 

— 

30 

— 

ns 


Enable Pulse Width 

tELEH 

*CP 

20 

— 

25 

— 

30 


ns 

4,5 

Enable to End of Write 

tELWH 

tew 

20 

— 

25 

- 

30 

- 

ns 


Write Pulse Width 

tWLEH 

t w p 

20 

— 

25 

— 

30 

— 

ns 


Data Valid to End of Write 

*DVEH 

tDW 

12 

— 

13 

— 

14 

— 

ns 


Data Hold Time 

*EHDX 

tDH 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

0 

— 

ns 



N0TES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. Alh/vrite cycle timings are referenced_from the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

5. If E_ goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 

6. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 


WRITE CYCLE 2 (E Controlled, See Notes 1, 2, and 6) 



ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6246 XX XX XX 

Motorola Memory Prefix- 
Part Number 


n 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
. Sneed (25 = 25 ns. 30 = 30 ns. 35 = 35 ns} 


Package {W = 400-mil, J = SOJ 

Full Part Numbers — MCM6246WJ25 
MCM6246WJ30 
MCM6246WJ35 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

1 M x 4 Bit Static Random 
Access Memory 

The MCM6249 is a 4,194,304 bit static random access memory organized as 
1 ,048,576 words of 4 bits, fabricated using high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, 
while CMOS circuitry reduces power consumption and provides for greater reliability. 

The MCM6249 is equipped with chip enable (E) and output enable (G) pins, 
allowing for greater system flexibility and eliminating bus contention problems. Either 
input, when high, will force the outputs into high impedance. 

The MCM6249 is available in a 400-mil, 32-lead surface-mount SOJ package. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access Time: 25/30/35 ns 

• Equal Address and Chip Enable Access Time 

• All Inputs and Outputs are TTL Compatible 

• Three-State Outputs 

• Power Operation: 1 60/1 55/1 50 mA Maximum, Active ac 

BLOCK DIAGRAM 



MCM6249 



WJ PACKAGE 
400-MIL SOJ 
CASE 857A-01 


PIN ASSIGNMENT 

A7 [ 

1 • 

32 

Jai 

A8 [ 

2 

31 

] A0 

A9 [ 

3 

30 

] A5 

A17 [ 

4 

29 

] A4 

A6 [ 

5 

28 

] A19 

E[ 

6 

27 

]5 

DQO [ 

7 

26 

] DQ3 

v cc t 

8 

25 

] V SS 

V SS [ 

9 

24 

] V CC 

DQ1 [ 

10 

23 

] DQ2 

W [ 

11 

22 

] A2 

A13 [ 

12 

21 

] A16 

A18 [ 

13 

20 

] A15 

A10 [ 

14 

19 

] A14 

All [ 

15 

18 

] A3 

A12 [ 

16 

17 

] N/C 


PIN NAMES 


A0-A19 Address Inputs 

W Write Enable 

G Output Enable 

E Chip Enable 

DQ0-DQ3 Data Input/Output 

NC No Connect 

Vqq +5V Power Supply 

V$s Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6249 TRUTH TABLE 


E 

G 

W 

Mode 

I/O Pin 

Cycle 

Current 

H 

X 

X 

Not Selected 

High-Z 

- 

•lSB1» *SB2 

L 

H 

H 

Output Disabled 

High-Z 

- 

>CCA 

L 

L 

H 

Read 

D 0 ut 

Read 

>CCA 

L 

X 

L 

Write 

High-Z 

Write 

*CCA 


X = Don’t Care 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedance circuits. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to Vgg 

V CC 

-0.5 to 7.0 

V 

Voltage Relative to Vgg for Any Pin 

Except Vqq 

V in > V ou t 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

( out 

±20 

mA 

Power Dissipation (T A = 25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature — Plastic 

Istg 

- 55 to + 1 50 

°C 


NOTE : Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C c = 5.0 V ± 10%, T a = 0 to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vqq + 0.3 

V 

Input Low Voltage 

V| L 

-0.5* 

- 

0.8 

V 


*V|l (min) = - 0.5 V dc; Vjj_ (min) = - 2.0 V ac (pulse width < 20 ns). 

DC CHARACTERISTICS AND AC CURRENTS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

- 

±1.0 

pA 

Output Leakage Current (E = Vm, V out = 0 to Vqq) 

'lkg(O) 

- 

- 

±1.0 

pA 

AC Active Supply Current (l ou t = 0 mA) 

MCM6249-25: t/\vAV = 25 ns 

>cc 

— 

150 

160 

mA 

(Vqq = max) 

MCM6249-30: t/\\/AV = 20 ns 


— 

140 

150 



MCM6249-35: t A vAV = 85 ns 


— 

130 

140 


AC Standby Current (Vqq = max) 

MCM6249-25: t/\\/AV = 25 ns 

'SBI 

— 

50 

60 

mA 

(E = Vm, No other restrictions on other inputs) 

MCM6249-30: t^VAV = 30 ns 


— 

40 

50 



MCM6249-35: t/\\/AV = 35 ns 


— 

35 

40 


CMOS Standby Current (E > Vqq - 0.2 V, V in < V ss + 0.2 V or > Vqq - 0.2 V) 

'SB2 

— 

10 

15 

mA 

(Vqq = max, f = 0 MHz) 







Output Low Voltage (Iql = + 8.0 mA) 

v OL 

- 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA ) 

v OH 

24 

Z 1 

- 

V 
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CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Input Capacitance 


Input/Output Capacitance 


Characteristic 

Symbol 

Typ 

Max 

Unit 

(All Inputs Except E and DQ) 

c in 

4 

6 

PF 

E, G, W 

Cck 

5 

8 


DQ 

c l/0 

5 

8 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, = 0 to + 70°C, Unless Otherwise Noted) 


Input Pulse Levels 0 to 3.0 V Output Timing Measurement Reference Level 1 .5 V 

Input Rise/Fall Time 2 ns Output Load See Figure 1 

Input Timing Measurement Reference Level 1 .5 V 


READ CYCLE TIMING (See Note 1) 


Parameter 

Symbol 

MCM6249-25 

MCM6249-30 

MCM6249-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

*RC 

25 

- 

30 

- 

35 

- 

ns 

2,3 

Address Access Time 

tAVQV 

*AA 

- 

25 

— 

30 

- 

35 

ns 


Enable Access Time 

fELQV 

tACS 

— 

25 

— 

30 

- 

35 

ns 

8 

Output Enable Access Time 

tGLQV 

*OE 

— 

12 

- 

13 

- 

14 

ns 


Output Hold from Address Change 

tAXQX 

x OH 

5 

- 

5 

- 

5 

- 

ns 


Enable Low to Output Active 

fELQX 

tLZ 

5 

- 

5 

- 

5 

- 

ns 

4, 5,6 

Output Enable Low to Output Active 

*GLQX 

tLZ 

0 

— 

0 

- 

0 

- 

ns 

4, 5,6 

Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

12 

0 

14 

0 

16 

ns 

4, 5,6 

Output Enable High to Output High-Z 

tGHQZ 

tHZ 

0 

12 

0 

14 

0 

16 

ns 

4, 5,6 

Power Up Time 

tELICCH 

fpu 

0 

- 

0 

- 

0 

- 

ns 


Power Down Time 

fEHICCL 

fPD 

- 

25 

- 

30 

- 

35 

ns 



NOTES: 

1 . W is high for read cycle. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All read cycle timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, tf=HQZ max < tELQX min, anci kaHQZ max < tGHQX min > both f° r a 9 iven device and from device to 
device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E < V||_, G_< V||_). 

8. Addresses valid prior to or coincident with E going low. 

READ CYCLE 1 (See Note 7 Above) 
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A (ADDRESS) 


E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


Q (DATA OUT) 
. ! CC 


HIGH-Z 


SUPPLY CURRENT 


'SB 


X 


READ CYCLE 2 (See Note) 
'avav 


1 


l ELQV- 


tELQX - 


U 


{ GLQX ' 


l GLQV~ 

KM 


J\ 


J 


tEHQZ 


l GHQZ 


1 — 1 

nvvJV 

< f ELICCH 

k — tEHICCL— ► 


3 

¥ 

N 

_ 


NOTE: Addresses valid prior to or coincident with E going low. 


AC TEST LOADS 



TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a maxi- 
mum since the device never provides data 
later than that time. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, and 7) 


Parameter 

Symbol 

MCM6249-25 

MCM6249-30 

MCM6249-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

25 

- 

30 

- 

35 

- 

ns 

3 

Address Setup Time 

*AVWL 

l AS 

0 

— 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH 

*AW 

20 

— 

25 

- 

30 

- 

ns 


Write Pulse Width 

*WLWH 

tWP 

20 

— 

25 

— 

30 

— 

ns 


Data Valid to End of Write 

tDVWH 

*DW 

12 

— 

13 

— 

14 

— 

ns 


Data Hold Time 

tWHDX 

*DH 

0 

- 

0 

- 

0 

- 

ns 


Write Low to Data High-Z 

tWLQZ 

twz 

0 

12 

0 

14 

0 

16 

ns 

4, 5,6 

Wirte High to Output Active 

tWHQX 

tow 

5 

— 

5 

- 

5 

- 

ns 

4, 5,6 

Write Recovery Time 

*WHAX 

tWR 

0 

- 

0 

- 

0 

- 

ns 



N0TES: 

1 . A write occurs during the overlap of E low and W low. 

2. Productsensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 . 

5. This parameter is sampled and not 1 00% tested. 

6. At jmy given voltage and temperature^wLQz < twHQX m ' n both f° r a 9> ven device and from device to device. 

7. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 


WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, and 7) 
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WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, and 6) 


Parameter 

Symbol 

MCM6249-25 

MCM62249-30 

MCM62249-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

25 

- 

30 

- 

35 

- 

ns 

3 

Address Setup Time 

tAVEL 

tAS 

0 

- 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

20 

— 

25 


30 

— 

ns 


Enable Pulse Width 

tELEH 

tCP 

20 

— 

25 

— 

30 

— 

ns 

4,5 

Enable to End of Write 

tELWH 

tew 

20 

— 

25 

- 

30 

— 

ns 


Write Pulse Width 

tWLEH 

twp 

20 

- 

25 

— 

30 

- 

ns 


Data Valid to End of Write 

tDVEH 

tDW 

12 

- 

13 

- 

14 

- 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

- 

0 

- 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

0 

- 

0 

- 

ns 



N0TES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. Alhwrite cycle timings are referenced _from the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

5. If £goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

6. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 


A (ADDRESS) 


X 


E (CHIP ENABLE) 


WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, and 6) 

t AV AV 


I 


l AVEH - 


*AVEL - 


tELEH ‘ 


/ 


• *ELWH - 


W (WRITE ENABLE) 


\ 


• tDVEH- 


lEHAX 


I 


D (DATA IN) 


iin — i b m 


l EHDX 


Q (DATA OUT)- 


HIGH-Z 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6249 XX XX XX 

Motorola Memory Prefix- 
Part Number 

Package (W = 400 mil, J = SOJ) 


T 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 

. SnPPH (PS = PS nc 30 = 30 ns 3S = 3S n.<0 


Full Part Numbers — MCM6249WJ25 
MCM6249WJ30 
MCM6249WJ35 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6264 


8K x 8 Bit Fast Static RAM 


The MCM6264 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 20, 25 and 35 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems 

• Low Power Operation: 110 -140 m A Maximum ac 

• Fully TTL-Compatible — Three-State Output 


BLOCK DIAGRAM 




300-MIL PLASTIC 
CASE 71 0B-01 



300-MIL SOJ 
CASE 81 0B-03 


PIN ASSIGNMENT 

NC [ 

• 

28 

]v C C 

A12 [ 

2 

27 

] w 

A7 [ 

3 

26 

]E2 

A6 [ 

4 

25 

] A8 

A5 [ 

5 

24 

] A9 

A4 [ 

6 

23 

] All 

A3 [ 

7 

22 

] G 

A2 [ 

8 

21 

] A10 

A1 [ 

9 

20 

] ET 

AO [ 

10 

19 

] DQ7 

DQO [ 

11 

18 

] DQ6 

DQ1 [ 

12 

17 

] DQ5 

DQ2 [ 

13 

16 

] DQ4 

Vss [ 

14 

15 

] DQ3 


PIN NAMES 


AO— A12 Address Input 

DQO — DQ7 . . . Data Input/Data Output 

W Write Enable 

G Output Enable 

ET, E2 Chip Enable 

NC No Connection 

Vqq Power Supply (+ 5 V) 

Vss Ground 
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TRUTH TABLE (X = don’t care) 


eT 

E2 

G 

W 

Mode 

Vqc Current 

Output 

Cycle 

H 

X 

X 

X 

Not Selected 

<SB1- 'SB2 

High-Z 

- 

X 

L 

X 

X 

Not Selected 

'SBI- >SB2 

High-Z 

- 

L 

H 

H 

H 

Output Disabled 

'CCA 

High-Z 

- 

L 

H 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

H 

X 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to Vgs 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vss For Any Pin 

Except V CC 

Vjn> V 0 ut 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current (per I/O) 

'out 

±30 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°c 

Storage Temperature — Plastic 

Islfl 

- 55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse airflow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

| Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 


4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

— 

V CC + 0.3* 

V 

Input Low Voltage 

V|L 

- 0.5** 

— 

0.8 

mm 


*V(h (max) = Vqc + 0.3 V dc; V||_| (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 
**V|l (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 


— 

±1 

pA 

Output Leakage Current (E = Vm or G = V|h, V out = 0 to Vqq) 

HffllSH 

— 

+ 1 


Output Low Voltage (Iql = 8 0 mA ) 

v OL 

— 

0.4 


Output High Voltage (Iqh = - 4 0 mA ) 

Vqh 

2.4 

— 

mm 


POWER SUPPLY CURRENTS 


Parameter 


-15 


mm 



AC Active Supply Current (l ou t = 0 mA, Vqq = Max, f = f max ) 

'CCA 




110 


AC Standby Current (E = Vm or E2 = V|i_, Vqq = Max, f = f max ) 

>SB1 

40 


30 

30 

mA 

Standby Current (ET > Vqq - 0.2 V or E2 < Vgs + 0.2 V, 

V in < V ss + 0.2 V, or > Vqq - 0.2 V) 

>SB2 



20 

20 

mA 
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CAPACITANCE (f = 1 MHz, dV = 3 V, Ta = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

c in 

6 

PF 

Control Pin Input Capacitance (E, E2 G, W) 

c in 

6 

PF 

Output Capacitance 

c out 

7 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V ±10%, Ta = o to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0to3V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

*RC 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

3 

Address Access Time 

tAVQV 

*AA 

— 

El 

— 


— 

O 

— 




Enable Access Time 

l ELQV 

{ ACS 

— 

El 

— 

El 

— 

m 

— 


El 

4 

Output Enable Access Time 

tGLQV 

*0E 

— 

8 

— 

10 

— 

Bl 

— 

■a 



Output Hold from Address Change 



4 

- 

4 

— 

4 

— 

m 

— 



Enable Low to Output Active 

tELQX 

tCLZ 

4 

— 

4 

- 

4 

— 

4 

— 

ion 

ES9 

Output Enable Low to Output Active 



0 

— 

0 

- 

0 

- 

0 

— 


Esa 

Enable High to Output High-Z 

tEHQZ 

tCHZ 

0 

8 

0 

9 

0 

10 

0 

ii 

ns 

5,6,7 

Output Enable High to Output High-Z 

tGHQZ 

tOHZ 

0 

7 

0 

8 

0 

9 

0 

10 

ns 

5,6,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tPD 

- 

15 

— 

20 



25 

— 

35 

ns 



NOTES^ 

1 . Wjs high for read cycle. 

2. El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last vajid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, t^HQZ max < tELQX min > and kaHQZ max < tGLQX min > both f° r a 9 iven device and from device to 
device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and notj 00% tested. 

8. Device is continuously selected (El = V||_, E2 = V|h, G = V|[_) 
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READ CYCLE 1 (See Note 8) 



READ CYCLE 2 (See Note 4) 



OUTPUT 




Z 0 = 50 Q 


3n 


R L = 50Q 
V|_ = 1.5 V 


Figure 1A 



TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 

The transition definitions used in this data sheet are: 

H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 



TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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WRITE CYCLE 1 (W Controlled) (See Notes 1 , 2, and 3) 


Parameter 

Symbol 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

{ AVAV 

*WC 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

4 

Address Setup Time 

tAVWL 

{ AS 

0 

- 

0 

— 

0 

- 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

! aw 

12 

- 

15 

_ 

17 

- 

20 

— 

ns 


Write Pulse Width 

2 



— 


— 


■ 


■ 





|*Ifl 


— 


■ 


■ 

1 

■ 





Klifll 

7 

B 

8 

- 

10 

— 

ra 

— 

13 


Data Hold Time 



0 

- 

0 

— 

0 

- 

0 

— 



Write Low to Output High-Z 

l WLQZ 


0 

7 

0 

8 

0 

m 

0 

■a 

Till 

mm 

Write High to Output Active 



4 

— 

4 

— 

4 

— 

4 

— 

23 

(22 

Write Recovery Time 



0 

- 

0 

- 

0 

— 

0 

— 

2 



WRITE CYCLE 2 (E Controlled) (See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 



B 

— 


— 

m 

— 


— 


4 

Address Setup Time 

{ AVEL 

l AS 

ra 

- 


- 

0 

— 

B 

— 



Address Valid to End of Write 

tAVEH 

*AW 

19 

- 

15 

— 

3# 

- 

El 

— 



Enable to End of Write 

tELEH. 

l ELWH 

l CW 


— 

12 

■ 


■ 

■ 

■ 



Data Valid to End of Write 

l DVEH 

*DW 

7 

— 

8 

— 


— 

■a 

— 

23 


Data Hold Time 


BHM 

m 

— 

0 

— 

0 

— 

0 

— 

3 


Write Recovery Time 


331 

0 

- 

0 

— 

0 

— 

0 

— 

3 



N0TES: 

1 . A write occurs during the overlap of E low and W low. 

2. E1_and E2 are represented by E in thjsdata sheet. E2 is of opposite polarity to E. 

3. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

4. AHtimings are referenced from the last valid address to the first transitioning address. 

5. If G > V|h, the output will remain in a high-impedance state. 

6. At any given voltage and temperature, tyvLQZ max < tyVHQX min » both for a 9 iven device and from device to device. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

8. This parameter is sampled and not 1 00% tested. 

9. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

1 0. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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WRITE CYCLE 1 (See Notes 1 , 2, and 3) 




Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION (Order by Full Part Number) 
MCM 6264 X XX XX 


u 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns, 35 = 35 ns) 


Package (P or BP = 300-mil Plastic DIP, NJ or BNJ = 300-mil SOJ) 


Full Part Numbers— MCM6264P1 5 
MCM6264P20 
MCM6264BP25 
MCM6264BP35 


MCM6264NJ15 MCM6264NJ15R2 

MCM6264NJ20 MCM6264NJ20R2 

MCM6264BNJ25 MCM6264BNJ25R2 
MCM6264BNJ35 MCM6264BNJ35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

8K x 8 Bit Fast Static RAM 

The MCM6264C is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 12, 15, 20, 25, and 35 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems 

• Low Power Operation: 110-150 mA Maximum ac 

• Fully TTL Compatible — Three State Output 


BLOCK DIAGRAM 



MCM6264C 



P PACKAGE 
300 MIL PLASTIC 
CASE 71 0B-01 



300 MIL SOJ 
CASE 81 0B-03 


PIN ASSIGNMENT 

NC [ 

1# 

28 

] vcc 

A12 [ 

2 

27 

] W 

A7 [ 

3 

26 

] E2 

A6 [ 

4 

25 

] A8 

A5 [ 

5 

24 

] A9 

A4 [ 

6 

23 

] All 

A3 [ 

7 

22 

] G 

A2 [ 

8 

21 

] A10 

A1 [ 

9 

20 

] ET 

A0 [ 

10 

19 

] DQ7 

DQ0 [ 

11 

18 

] DQ6 

DQ1 [ 

12 

17 

] DQ5 

DQ2 [ 

13 

16 

] DQ4 

v ss [ 

14 

15 

] DQ3 


PIN NAMES 

A0-A12 ... 

Address Input 

DQ0-DQ7 . 

. . Data Input/Data Output 

W 

Write Enable 

G 

Output Enable 

El, E2 .... 

Chip Enable 

NC 

No Connection 

v cc 

Power Supply (+ 5 V) 

vss 

Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE (X = don’t care) 


IT 

E2 

G 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

X 

X 

Not Selected 

'SBI- l SB2 

High-Z 

- 

X 

L 

X 

X 

Not Selected 

'SBI- >SB2 

High-Z 

- 

L 

H 

H 

H 

Output Disabled 

>CCA 

High-Z 

- 

L 

H 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

H 

X 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vgs For Any Pin 

Except Vqq 

v in- v out 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current 

'out 

±20 

, mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias 0a = 25°C) 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature— Plastic 

Islfl 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGSareex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse airflow 
of at least 500 linear feet per minute 
is maintained. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T/\ = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vqq + 0.3* 

V 

Input Low Voltage 

V| L 

- 0.5** 

- 

0.8 

V 


*V|h (max) = Vqq + 0.3 V dc; V|n (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 
**V|j_ (min) = - 0.5 V dc; V||_ (min) = -2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkq(l) 

— 

±1 

PA 

Output Leakage Current (El = V||_| or G = V|h or E2 = VIL, 

V ou t = 0 t0 V CC) 

'lkg(O) 

— 

+ 1 

|iA 

Output Low Voltage (Iql = 8.0 mA) 

V 0 L 

— 

0.4 

V 

Output High Voltage (Iqh = - 4 0 rnA) 

v OH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 

Unit 

AC Active Supply Current (l out = 0 m A, V CC = Max, f = fmax) 

'CCA 

150 

140 

130 

120 

110 

mA 

AC Standby Current (El = V|h or E2 = V|i_, Vqq = MAX, f = f max ) 

'SB1 

45 

40 

35 

30 

30 

mA 

Standby Current (El > Vqq - 0.2 V or E2 < Vqs + 0.2 V, 

Yn * V SS + 0.2V or > Vqq - 0.2 V) 

>SB2 

20 

20 

20 

20 

20 

mA 
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CAPACITANCE (f = 1 MHz, dV = 3 V, T A = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

Cin 

6 

PF 

Control Pin Input Capacitance (ET, E2, G, W) 

c in 

6 

PF 

Output Capacitance 

Gout 

7 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

-12 

•15 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

12 

— 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

3 

Address Access Time 

*AVQV 

*AA 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 


Enable Access Time 

tELQV 

*ACS 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 

4 

Output Enable Access Time 

tGLQV 

*OE 

— 

6 

— 

8 

— 

10 

— 

11 

— 

12 

ns 


Output Hold from Address 

Change 

tAXQX 

tOH 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

5,6,7 

Enable Low to Output Active 

*ELQX 

tCLZ 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

5,6,7 

Enable High to Output High-Z 

tEHQZ 

*CHZ 

0 

6 

0 

8 

0 

9 

0 

10 

0 

11 

ns 

5,6,7 

Output Enable Low to Output 
Active 

kaLQX 

tOLZ 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

5,6,7 

Output Enable High to Output 
High-Z 

*GHQZ 

tOHZ 

0 

6 

0 

7 

0 

8 

0 

9 

0 

10 

ns 

5,6,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

*PD 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 



NOTES: 1 . W_is high for read cycle. 

2. El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, t[=HQZ max is ,ess than *ELQX ( min )> and *GHQZ ( max ) is less than tQLQx (min), both for a 
given device and from device to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected (El = Vn_, E2 = V|h, G = Vj|_). 
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MCM6264C 


READ CYCLE 1 (See Note 8) 



** t AV AV ► 


A (ADDRESS) ^ 

C - 1 I_0 

( 


p *AXQX ^ 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

0(XXXX) 

^ DATA VALID 


1 

r l AVQV 




READ CYCLE 2 (See Note 4) 




AC TEST LOADS 


+5 V 


Z 0 = 50 Q. 


Q— (£ 


r 




Q- 


50^ 255 £2 ^ 

Vj_ = 1 .50 V 

Figure 1 A Figure IB 


1 


5pF 

(INCLUDING 
SCOPE AND JIG) 


TIMING LIMITS 

The table of timing values shows either a mini- 
mum or a maximum limit for each parameter. In- 
put requirements are specified from the external 
system point of view. Thus, address setup time is 
shown as a minimum since the system must sup- 
ply at least that much time (even though most de- 
vices do not require it). On the other h&nd, 
responses from the memory are specified from 
the device point of view. Thus, the access time is 
shown as a maximum since the device never pro- 
vides data later than that time. 
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WRITE CYCLE 1 (W Controlled, See Notes 1,2, and 3) 


Parameter 

Symbol 

-12 

-15 

-20 

l-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

twc 

12 

— 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

4 

Address Setup Time 


*AS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 



TO 

— 

12 

— 

15 

— 

IB 

— 

20 

— 

ns 


Write Pulse Width 

jfflffljl 

IB 



— 

12 

— 

15 

— 

17 

— 

20 

— 

ns 


Write Pulse Width, 

GHigh 

*WLWH> 

tWLEH 

t W p 

8 

— 

10 

— 

12 

— 

15 

— 

17 

— 

ns 

5 

Data Valid to End of Write 

toVWH 

tow 

6 

— 

7 

— 

8 

— 

10 

— 

12 

— 

ns 


Data Hold Time 

tWHDX 

toH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

*wz 

0 

6 

0 

7 

0 

8 

0 

10 

0 

12 

ns 

6,7,8 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

wm 


■a 

— 

■a 

— 


— 

m 

— 

£3 

— 

£J£| 

4 

Address Setup Time 

warn 


0 

— 

D 

— 

0 

— 

0 

— 

0 

— 



Address Valid to End of Write 


1 

■a 

— 


— 

o 

— 

£9 

— 

wem 

— 



Enable to End of Write 



H 

a 

H 

a 


a 


a 


— 

Q 


Data Valid to End of Write 


i 

7 

— 

7 

— 

8 

— 

10 

— 

s 

— 



Data Hold Time 

KfifBBl 


0 

— 

0 

— 

0 

— 

0 

— 

0 

— 



Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1. 
2 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 


A write occurs during the overlap of E low and W low. 

E1_and E2 are represented by E in thisdata sheet. E2 is of opposite polarity to E. 

If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

AIMtimings are referenced from the last valid address to the first transitioning address. 

If G > V|(_j, the output will remain in a high impedance state. 

At any given voltage and temperature, tyvLQZ max is * ess than *WHQX m ' n > both for a given device and from device to device. 
Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. 

This parameter is sampled and not 1 00% tested. 

If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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MCM6264C 


WRITE CYCLE 1 (W Controlled, See Notes 1 , 2 and 3) 



WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 



Q (DATA OUT) 


HIGH Z 


ORDERING INFORMATION (Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 6264C X 


XX XX 


Shipping Method (R2 = Tape & 

— Speed (12 = 12 ns, 15 = 15 ns, 
25 = 25 ns, 35 = 35 ns) 


Reel, Blank = Rails) 
20 = 20 ns, 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers— MCM6264CP1 2 
MCM6264CP15 
MCM6264CP20 
MCM6264CP25 
MCM6264CP35 


MCM6264CJ12 
MCM6264CJ1 5 
MCM6264CJ20 
MCM6264CJ25 
MCM6264CJ35 


MCM6264CJ12R2 

MCM6264CJ15R2 

MCM6264CJ20R2 

MCM6264CJ25R2 

MCM6264CJ35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6265 


8K x 9 Bit Fast Static RAM 


The MCM6265 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 15, 20, 25 and 35 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems 

• Low Power Operation: 110 -140 mA Maximum ac 

• Fully TTL-Compatible — Three-State Output 


BLOCK DIAGRAM 


A2- 
A3- 
A4- 
A5- 
A7- 
A9- 
A10- 
A11 - 


"fe= 

"te= 

-fe= 


~te= 

-fe= 



ROW 

DECODER 


MEMORY MATRIX 

256 ROWS x 

32 x9 COLUMNS 






INPUT 

DATA 

T” 

COLUMN I/O 

CONTROL 


COLUMN DECODER 




~ V CC 

~ V SS 



rjH 

i 

> 

o 

> 

> 

05 

> 

00 

> 

ro 

\ 



1 

i-2 1 

r\r 

i J 


& 



300-MIL PLASTIC 
CASE 71 0B-01 



300-MIL SOJ 
CASE 81 0B-03 


PIN ASSIGNMENT 

A8 [ 

1# 

28 

]vcc 

A7 [ 

2 

27 

] w 

A6 [ 

3 

26 

] E2 

A5 [ 

4 

25 

] A9 

A4 [ 

5 

24 

] A10 

A3 [ 

6 

23 

] All 

A2 [ 

7 

22 

]G 

A1 [ 

8 

21 

] A12 

AO [ 

9 

20 

]E1 

DQO [ 

10 

19 

] DQ8 

DQ1 [ 

11 

18 

] DQ7 

DQ2 [ 

12 

17 

] DQ6 

DQ3 [ 

13 

16 

] DQ5 

v ss [ 

14 

15 

] DQ4 


PIN NAMES 


AO — A12 Address Input 

DQO — DQ8 . . . Data Input/Data Output 

W Write Enable 

G Output Enable 

ET, E2 Chip Enable 

Vqc Power Supply (+ 5 V) 

Vgs Ground 
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MCM6265 


TRUTH TABLE (X = don’t care) 


El 

E2 

G 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

X 

X 

Not Selected 

•SB1> 'SB2 

High-Z 

- 

X 

L 

X 

X 

Not Selected 

•SB1« 'SB2 

High-Z 

- 

L 

H 

H 

H 

Output Disabled 

•CCA 

High-Z 

- 

L 

H 

L 

H 

Read 

>CCA 

D out 

Read Cycle 

L 

H 

X 

L 

Write 

•CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vgs For Any Pin 

Except Vqq 

v in> v out 

-0.5 to Vqq 
+ 0.5 

V 

Output Current 

•out 

±20 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature — Plastic 

Isis 

- 55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 


Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

— 

Vqq + 0.3* 

V 

Input Low Voltage 

V|L 

-0.5** 

— 

0.8 

V 


*V|H (max) = Vqq + 0.3 V dc; V|h (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 
** V|i_ (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

— 

±1 

pA 

Output Leakage Current (I = V|h or G = V|h, V out = 0 to Vqq) 

'lkg(O) 

— 

±1 

pA 

Output Low Voltage (Iql = 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

Vqh 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 


-20 


-35 

Unit 

AC Active Supply Current (l out = 0 mA, Vqq = Max, f = f max ) 

•CCA 


130 


110 

mu 

AC Standby Current (IT = Vm or E2 = V|l Vqq = Max, f = f max ) 

'SBI 

40 

35 

30 

30 


Standby Current (IT > Vqq - 0.2 V or E2 < V ss + 0.2 V, 

V in <V SS + 0.2V,or > Vqq -0.2 V) 

•SB2 



20 


i 
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MCM6265 


CAPACITANCE (f = 1 MHz, dV = 3 V, Ta = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

c in 

6 

PF 

Control Pin Input Capacitance (El, E2, G, W) 

c in 

6 

pF 

Output Capacitance 

o 

o 

c 

7 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5 v ± 10% ’ T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0to3V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

-12 

-15 

-25 

-35 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

l AVAV 

l RC 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

3 

Address Access Time 

{ AVQV 

*AA 

— 

15 

— 

20 

— 

25 

— 

35 

ns 


Enable Access Time 

l ELQV 

*ACS 

— 

15 

— 

20 

— 

25 

— 

35 

ns 

4 

Output Enable Access Time 

l GLQV 

tOE 

- 

8 

— 

10 

— 

12 

— 

12 

ns 


Output Hold from Address Change 

l AXQX 

k)H 

4 

— 

4 

- 

4 

— 

4 

— 

ns 


Enable Low to Output Active 

tELQX 

tCLZ 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

5,6,7 

Output Enable Low to Output Active 

tGLQX 

tOLZ 

0 

- 

0 

— 

0 

— 

0 

— 

ns 

5,6,7 

Enable High to Output High-Z 

tEHQZ 

tCHZ 

0 

8 

0 

9 

0 

10 

0 

11 

ns 

5,6,7 

Output Enable High to Output High-Z 

tGHQZ 

tOHZ 

0 

7 

0 

8 

0 

10 

0 

10 

ns 

5,6,7 

Power Up Time 

tELICCH 

l PU 

0 

— 

0 

— 

o 

— 

0 

— 

ns 


Power Down Time 

fEHICCL 

fPD 

— 

15 

— 

20 

— 

25 

— 

35 

ns 



NOTE& 

1 . Wjs high for read cycle. _ 

2. El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, tgHQZ max < fELQX min > and kSHQZ max < *GLQX min > both f° r a 9 iven device and from device to 
device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected (El = Vji_, E2 = V|n, G = V||_). 
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READ CYCLE 1 (See Note 8) 


A (ADDRESS) \ 

*« t avav ►' 

( ) 

( 


t AXQX ► 


1 


Q (DATA OUT) PREVIOUS DATA VALID ^ 

(XXXXXXXXX) 

^ DATA VALID 


tAVQV 


A (ADDRESS) 

E (CHIP ENABLE) 
G (OUTPUT ENABLE) 


Q(DATAOUT) 


Vcc 

SUPPLY CURRENT 


fee 

'SB 


X 


READ CYCLE 2 (See Note 4) 

' AVAV 




"K. 


t ELICCH 


t ELQV - 


' ELQX 

Mqlqx -H 


'glqv ■ 


t AVQV 


raxx 




tEHQZ- 
' GHQZ- 




DATA VALID 


t ELICCL - 




AC TEST LOADS 


OUTPUT D — (■) 

H 

— L Z 0 = 50 Q 

_L 


R L = 5on ; 
V|_ = 1 .5 V 


Figure 1A 



TIMING PARAMETER ABBREVIATIONS 


signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 


t X X X X 



The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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WRITE CYCLE (W Controlled) (See Notes 1,2, and 3) 


Parameter 

Symbol 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

{ WC 

15 

— 

20 

— 

25 

- 

35 

— 

ns 

4 

Address Setup Time 

{ AVWL 

{ AS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

l AW 

12 

— 

15 

— 

17 

- 

20 

— 

ns 


Write Pulse Width 

tWLWH- 

tWLEH 

t W p 

12 

— 

15 

— 

17 

— 

20 

— 

ns 


Write Pulse Width, High 
(Output Enable devices) 

tWLWH- 

l WLEH 

t W p 

10 

— 

12 

— 

15 

— 

17 

— 

ns 

5 

Data Valid to End of Write 

toVWH 

l DW 

7 

— 

8 

— 

10 

— 

12 

— 

ns 


Data Hold Time 

*WHDX 

toH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

*wz 

0 

7 

0 

8 

0 

10 

0 

12 

ns 

6,7,8 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

~ 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

tWHAX 

l WR 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE (E Controlled) (See Notes 1 and 2) 


Parameter 

Symbol 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

l WC 

15 

— 

20 

— 

25 

— 

35 

__ 

ns 

4 

Address Setup Time 

*AVEL 

l AS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVEH 

{ AW 

12 

— 

15 

— 

20 

— 

25 

— 

ns 


Enable to End of Write 

toLEH’ 

tELWH 

tow 

10 

— 

12 

— 

15 

— 

25 

— 

ns 

9,10 

Data Valid to End of Write 

toVEH 

tow 

7 

— 

8 

— 

10 

- 

15 

— 

ns 


Data Hold Time 

toHDX 

toH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

toHAX 

*WR 

0 

— 

0 

— 

0 | 

- 

0 | 

— 

ns 



NOTES: _ _ 

1 . A_write occurs during the overlap of E low and W low. 

2. E1_and E2 are represented by E in thite data sheet. E2 is of opposite polarity to E. 

3. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

4. AHJimings are referenced from the last valid address to the first transitioning address. 

5. If G > V||_|, the output will remain in a high-impedance state. 

6. At any given voltage and temperature, tyvLQZ max < tWHQX min > both f° r a 9 iven device and from device to device. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

8. This parameter is sampled and not 1 00% tested. 

9. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

10. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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WRITE CYCLE 1 (See Notes 1 , 2, and 3) 



t avav ► 

A (ADDRESS) ^ 

<~ x : 



t AVWH ► 

7 

■*-*"1— tWHAX 

E (CHIP ENABLE) 

\ 

/ 


u* t WLWH ► 

W (WRITE ENABLE) 

\ 

t avwl — *- 

tWLEH 

\ 7 

l 



** 1 DVWH 


1 WHUX 

d(data, n, XXXXXXXXX! 

KXXX 

DATA VALID 


xxxxxx 

HIGH Z 

r> /nATA m m 

1 

**■ t WLQZ -*j 

HIGHZ 



A/WWi 

-A7VVVY— 

' ' WvaAA/i 


WHQX~* 

kaaaa ?— 


WRITE CYCLE 2 (See Notes 1 and 2) 



Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION (Order by Full Part Number) 

MCM 6265 X XX XX 

— J Shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (1 5 = 1 5 ns, 20 = 20 ns, 25 = 25 ns) 

Package (P = 300-mil Plastic DIP, NJ = 300-mil SOJ) 


Full Part Numbers— MCM6265P1 5 
MCM6265P20 
MCM6265P25 


MCM6265NJ15 

MCM6265NJ20 

MCM6265NJ25 


MCM6265NJ1 5R2 
MCM6265NJ20R2 
MCM6265NJ25R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

8K x 9 Bit Fast Static RAM 

The MCM6265C is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 12, 15, 20, 25, and 35 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems 

• Low Power Operation: 110 -150 mA Maximum ac 

• Fully TTL Compatible — Three State Output 

BLOCK DIAGRAM 



Vcc 

V SS 


MCM6265C 



300 MIL PLASTIC 
CASE 71 0B-01 



300 MIL SOJ 
CASE 81 0B-03 


PIN ASSIGNMENT 

A8 [ 

1# 

28 

] V CC 

A7[ 

2 

27 

] W 

A6 [ 

3 

26 

] E2 

A5 [ 

4 

25 

] A9 

A4 [ 

5 

24 

] A10 

A3 [ 

6 

23 

] All 

A2 [ 

7 

22 

] 5 

A1 [ 

8 

21 

] A12 

A0 [ 

9 

20 


DQ0 [ 

10 

19 

] DQ8 

DQ1 [ 

11 

18 

] DQ7 

DQ2 [ 

12 

17 

] DQ6 

DQ3 [ 

13 

16 

] DQ5 

v ss [ 

14 

15 

] DQ4 


PIN NAMES 


A0-A1 2 Address Input 

DQ0-DQ8 — Data Input/Data Output 

W Write Enable 

G_ Output Enable 

El , E2 Chip Enable 

Vqq Power Supply (+ 5 V) 

Vgs Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM6265C 


TRUTH TABLE (X = don’t care) 


El 

E2 

G 

W 

Mode 

Vcc Current 

Output 

Cycle 

H 

X 

X 

X 

Not Selected 

'SBI > 'SB2 

High-Z 

- 

X 

L 

X 

X 

Not Selected 

>SB1- 'SB2 

High-Z 

- 

L 

H 

H 

H 

Output Disabled 

'CCA 

High-Z 

- 

L 

H 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

H 

X 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vgg For Any Pin 

Except V CC 

Vjn> V 0 ut 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current 

taut 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

-1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°c 

Storage Temperature — Plastic 

Isis 

-55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, afterthermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

Vqq + 0.3* 

V 

Input Low Voltage 

V|L 

- 0.5** 

- 

0.8 

V 


*V||_( (max) = Vqq + 0.3 V dc; V|h (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 
**V|[_ (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lka(l) 

— 

±1 

pA 

Output Leakage Current (E = V|^ or G = V|h, V out = 0 to Vqq) 

'lka(O) 

— 

±1 

pA 

Output Low Voltage (Iql = 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA ) 

v OH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 

Unit 

AC Active Supply Current (l out = 0 mA> Vqq = Max, f = f max ) 

'CCA 

150 

140 

130 

120 

110 

mA 

AC Standby Current (IT = V|h or E2 = V|i_ Vqq = MAX, f = f max ) 

'SBI 

45 

40 

35 

30 

30 

mA 

Standby Current (E? > Vqq - 0.2 V or E2 < Vgg + 0.2 V, Vj n < Vgg 
+ 0.2V, or > Vqq - 0.2V) 

'SB2 

20 

20 

20 

20 

— 

mA 
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MCM6265C 


CAPACITANCE (f = 1 MHz, dV = 3 V, T A = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

Gin 

6 

PF 

Control Pin Input Capacitance (ET,E2,G,W) 

c in 

6 

PF 

Output Capacitance 

Cout 

7 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

toVAV 

l RC 

12 

— 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

3 

Address Access Time 

toVQV 

*AA 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 


Enable Access Time 

tELQV 

toes 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 

4 

Output Enable Access Time 

tGLQV 

*OE 

— 

6 

— 

8 

— 

10 

— 

11 

— 

12 

ns 


Output Hold from Address 

Change 

toXQX 

*OH 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 


Enable Low to Output Active 

*ELQX 

*CLZ 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

5,6,7 

Enable High to Output High-Z 

*EHQZ 

*CHZ 

0 

6 

0 

8 

0 

9 

0 

10 

0 

11 

ns 

5,6,7 

Output Enable Low to Output 
Active 

tGLQX 

*OLZ 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

5,6,7 

Output Enable High to Output 
High-Z 

tGHQZ 

*OHZ 

0 

6 

0 

7 

0 

8 

0 

9 

0 

10 

ns 

5,6,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

'PD 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 



NOTES: 1 . W_is high for read cycle. 

2. El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, t^j-iQz max is less than t^LQX ( m ' n ). ar >d *GHQZ ( max ) is less than tQLQX ( m i n )< both for a 
given device and from device to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure IB. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected (El = V||_, E2 = V|h, G = V|l). 
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MCM6265C 


READ CYCLE 1 (See Note 8) 



tAVAV ** 


A (ADDRESS) ^ 

C ) 

CZ 


H l AXQX ► 



Q (DATA OUT) PREVIOUS DATA VALID ^ 


^ DATA VALID 


k — - - tAVQV 

I 



READ CYCLE 2 (See Note 4) 



AC TEST LOADS 


2 0 = 50 Q 



V L = 1.50 V 


Figure 1A 



480 Q 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure IB 


TIMING LIMITS 

The table of timing values shows either a mini- 
mum or a maximum limit for each parameter. In- 
put requirements are specified from the external 
system point of view. Thus, address setup time is 
shown as a minimum since the system must sup- 
ply at least that much time (even though most de- 
vices do not require it). On the other hand, 
responses from the memory are specified from 
the device point of view. Thus, the access time is 
shown as a maximum since the device never pro- 
vides data later than that time. 
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MCM6265C 


WRITE CYCLE 1 (W Controlled, See Notes 1,2, and 3) 


Parameter 

Symbol 

- 12 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

!wc 

12 

— 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

4 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVWH 

*AW 

10 

— 

12 

— 

15 

— 

17 

— 

20 

— 

ns 


Write Pulse Width 

*WLWH’ 

tWLEH 

t W P 

10 

— 

12 

— 

15 

— 

17 

— 

20 

— 

ns 


Write Pulse Width, G High 

i x 

II 

t W p 

8 

— 

10 

— 

12 

— 

15 

— 

17 

— 

ns 

5 

Data Valid to End of Write 

*DVWH 

*DW 

6 

— 

7 

— 

8 

— 

10 

— 

12 

— 

ns 


Data Hold Time 

*WHDX 

l DH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

*WZ 

0 

6 

0 

7 

0 

8 

0 

10 

0 

12 

ns 

6,7,8 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

*WC 

12 

— 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

4 

Address Setup Time 

tAVEL 

*AS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVEH 

*AW 

12 

— 

12 

— 

15 

— 

20 

— 

25 

— 

ns 


Enable to End of Write 

m rff 

ii 

tew 

10 

— 

10 

— 

12 

— 

15 

— 

25 

— 

ns 

9,10 

Data Valid to End of Write 

*DVEH 

tDW 

7 

— 

7 

— 

8 

- 

10 

- 

15 

- 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1 . Awrite occurs during the overlap of E low and W low. 

2. E1_and E2 are represented by E in thte data sheet. E2 is of opposite polarity to E. 

3. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

4. AILtimings are referenced from the last valid address to the first transitioning address. 

5. If G > V|h, the output will remain in a high impedance state. 

6. At any given voltage and temperature, tyyLQz max ' s * ess than tWHQX m i n > both f° r a 9' ven device and from device to device. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

8. This parameter is sampled and not 100% tested. 

9. If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

10. If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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MCM6265C 


WRITE CYCLE 1 (W Controlled, See Notes 1 , 2 and 3) 



WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 



Q (DATA OUT) 


HIGH Z 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION (Order by Full Part Number) 

MCM 6265C X JCX_ XX 

— 1 \— shipping Method (R2 = Tape & Reel, Blank = Rails) 

Speed (12 = 12 ns, 15 = 15 ns, 20 = 20 ns, 

25 = 25 ns, 35 = 35 ns) 


Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers— MCM6265CP1 2 
MCM6265CP15 
MCM6265CP20 
MCM6265CP25 
MCM6265CP35 


MCM6265CJ12 

MCM6265CJ15 

MCM6265CJ20 

MCM6265CJ25 

MCM6265CJ35 


MCM6265CJ1 2R2 
MCM6265CJ1 5R2 
MCM6265CJ20R2 
MCM6265CJ25R2 
MCM6265CJ35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4K x 4 Bit Static Random 
Access Memory 

The MCM6268 and MCM6269 are 16,384-bit static random access memories 
organized as 4096 words of 4 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. Static design eliminates the need for external clocks 
or timing strobes, while CMOS circuitry reduces power consumption and provides 
greater reliability. Fast access time makes this device suitable for cache and other 
sub-50 ns applications. 

The MCM6268 uses a chip enable (E) function which is not a clock. In less than a 
cycle time afterJE goes high, the part enters a low-power standby mode, remaining in 
that state until E goes low again. This device also incorporates internal power down 
circuitry that will reduce active current for less than 1 00% duty cycle applications. 
These features provide reduced system power requirements without degrading 
access time performance. 

Similar in design to the Motorola MCM6268, the MCM6269 features an enhanced 
chip select circuit allowing access to data in as little as 12 ns. 

Both devices are available in a 20-lead plastic dual-in-line package and feature 
the standard JEDEC pinout. 

• Single 5 V Power Supply, ± 1 0% 

• 4K x 4 Bit Organization 

• Fully Static — No Clock or Timing Strobes Necessary 

• Three-State Output 

• Fully TTL-Compatible 

• Fast Access Time (Maximum) (xx = 68 or 69) : 




MCM6268 

MCM6269 


Address 

Chip Enable 

Chip Select 

MCM62xxP20 

20 ns 

20 ns 

10 ns 

MCM62xxP25 

25 ns 

25 ns 

12 ns 

MCM62xxP35 

35 ns 

35 ns 

15 ns 

MCM6268P45 

45 ns 

45 ns 


MCM6268P55 

55 ns 

55 ns 



• Low Power Operation: 110 mA Maximum, Active ac 

BLOCK DIAGRAM 



MCM6268 

MCM6269 
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MCM6268»MCM6269 


TRUTH TABLE 


E/S 

W 

Mode 

Vqc Current 
(MCM6268) 

Vqc Current 
(MCM6269) 

I/O Pin 

Cycle 

H 

X 

Not Selected 

•SB1> 'SB2 

>CC 

High-Z 

— 

L 

H 

Read 

>CC 

'cc 

D out 

Read Cycle 

L 

L 

Write 

'cc 

'cc 

Cjn 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Voltage Relative to Vqs 

For Any Pin Except Vqq 

v in> Vout 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation 0 a = 25°C) 

PD 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

Istg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high-impedance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.0 

- 

Vqq + 0.3 

V 

Input Low Voltage 

V| L 

-0.5* 

- 

0.8 

V 


*V|[_ (min) = - 0.5 V dc; V||_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkfl(l) 

— 

±1.0 

pA 

Output Leakage Current (E or S = V|n, V out = 0 to Vqq) 

'lka(O) 

— 

±1.0 

pA 

AC Supply Current (l out = 0 mA) MCM6268/69-20, 25, 35 

MCM6268-45, 55 

'cc 



110 

80 

mA 

TTL Standby Current (E = V|h, No Restrictions on Other Inputs) (MCM6268) 

>SB1 

— 

20 

mA 

CMOS Standby Current (E > Vqq - 0.2 V, No Restrictions on Other Inputs) 

MCM6268-20, 25, 35 

MCM6268-45, 55 

>SB2 



15 

mA 

— 

2 

(S>Vqq- 0.2V, V in <0.2 V, or >V CC -0.2V) (MCM6269) 

ISB 

- 

15 


Output Low Voltage (Iql = 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA ) 

V OH 

2.4 

— 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E, S 

C in 

— 

4 

6 

PF 


E, S 


— 

5 

7 


I/O Capacitance 

c l/0 

- 

5 

7 

PF 
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MCM6268»MCM6269 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5 V ± 10%, Ty\ = 0 to + 70°C, Unless Otherwise Noted) 

Input Reference Level 1 .5 V Output Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 

READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6268P20 

MCM6269P20 

MCM6268P25 

MCM6269P25 

MCM6268P35 

MCM6269P35 

MCM6268P45 

MCM6268P55 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

20 

— 

25 

— 

35 

— 

45 

— 

55 

— 

ns 

2 

Address Access Time 

tAVQV 

tAA 

— 

20 

— 

25 

— 

35 

— 

45 

— 

50 

ns 


Enable Access Time 
(MCM6268) 

tELQV 

tACS 

— 

20 

— 

25 

— 

35 

— 

45 

— 

55 

ns 


Select Access Time 
(MCM6269) 

tSLQV 

tACS 

— 

10 

— 

12 

— 

15 





ns 


Output Hold from Address 
Change 

tAXQX 

tOH 

5 

— 

5 

— 

5 

— 

5 

— 

5 

— 

ns 


Enable Low to Output 
Active 

tELQX 

tLZ 

5 

— 

5 

— 

5 

— 

10 

— 

10 

— 

ns 

3,4,5 

Select Low to Output 

Active (MCM6269) 

tSLQX 

tLZ 

5 

— 

5 

— 

5 

— 





ns 

3,4,5 

Enable High to Output 
High-Z 

tEHQZ 

»HZ 

0 

8 

0 

10 

0 

15 

0 

15 

0 

20 

ns 

3,4,5 

Select High to Output 
High-Z (MCM6269) 

tSHQZ 

tHZ 

0 

8 

0 

10 

0 

15 





ns 

3,4,5 

Power Up Time 
(MCM6268) 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 
(MCM6268) 

tEHICCL 

tPD 

— 

20 

— 

20 

— 

30 

— 

45 

— 

55 

ns 



NOTES: 

1 . W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, tEHQZ ( or tSHQZ) max > is ,ess than fELQX (° r tSLQX) min > both for a 9 iven device and from device to 
device. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. Device is continuously selected (E or S = Vjjl). _ 

7. Addresses valid prior to or coincident with E or S going low. 


A (ADDRESS) 


Q (DATA OUT) 


A (ADDRESS) 


(MCM6268)E (CHIP ENABLE) 
(MCM6269)S (CHIP SELECT) 


Q (DATA OUT) - 


V CC 'CC “ 
(MCM6268) SUPPLY 

CURRENT 'SB" 


X 


READ CYCLE 1 (See Note 6 Above) 

*AVQV 


*AXQX- 


PREVIOUS DATA VALID 


mac 


t A VAV H 

READ CYCLE 2 (See Note 7 Above) 

t AV AV 


1 


tELICCH " 


X 


DATA VALID 




< tELQV, w 

t S LQV 

^ 


7 

* ; 

< tELQX- w. 

tSLQX 




( 



t A VQV ► 


<_ 


. tEHQZ> 
tSHQZ 


’ l EHICCL 
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WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM6268P20 

MCM6269P20 

MCM6268P25 

MCM6269P25 

MCM6268P35 

MCM6269P35 

MCM6268P45 

MCM6268P55 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

two 

20 

- 

25 

- 

35 

- 

45 

- 

55 

- 

ns 

2 

Address Setup Time 

*AVWL 

US 

0 

- 

0 

— 

0 

- 

0 


0 

— 

ns 


Address Valid to End of 
Write 

*AVWH 

tAW 

15 

— 

20 

— 

30 

— 

35 

— 

45 

— 

ns 


Write Pulse Width 

tWLWH 

t W p 

15 

— 

20 

— 

25 

— 

35 

— 

45 

— 

ns 


Data Valid to End of 

Write 

*DVWH 

*DW 

10 

— 

10 

— 

15 

— 

15 

— 

20 

— 

ns 


Data Hold Time 

tWHDX 

*DH 

0 

- 

0 

— 

0 

- 

0 

— 

0 

— 

ns 


Write Low to Output 
High-Z 

tWLQZ 

tWZ 

0 

8 

0 

10 

0 

15 

0 

20 

0 

25 

ns 

3,4,5 

Write High to Output 
Active 

*WHQX 

tow 

5 

— 

5 

— 

5 

— 

5 

— 

5 

— 

ns 

3,4,5 

Write Recovery Time 

*WHAX 

tWR 

0 

- 

0 

- 

0 

- 

0 

- 

0 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of E or S low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

4. This parameter is sampled and not 1 00% tested. 

5. At any given voltage and temperature, twi_Qz max, is less than tv\/HQX min > both f° r a 9 iven device and from device to device. 




AC TEST LOADS 




TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a maxi- 
mum since the device never provides data 
later than that time. 


MOTOROLA MEMORY DATA 


5-141 



M CM6268* M C M6269 


WRITE CYCLE 2 (E, S Controlled; See Note 1) 


Parameter 

Symbol 

MCM6268P20 

MCM6269P20 

MCM6268P25 

MCM6269P25 

MCM6268P35 

MCM6269P35 

MCM6268P45 

MCM6268P55 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

20 

- 

25 

- 

35 

- 

45 

- 

55 

- 

ns 

2 

Address Setup Time 

UVEL 

*AVSL 

*AS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of 
Write 

tAVEH, 

tAVSH 

*AW 

15 

— 

20 

— 

30 

— 

35 

— 

45 

— 

ns 


Enable to End of Write 
(MCM6268) 

tELEH 

tCW 

15 

— 

20 

— 

30 

— 

35 

— 

45 

— 

ns 

3,4 

Select to End of Write 
(MCM6269) 

tSLSH 

l CW 

15 

— 

20 

— 

30 

— 


— 


— 

ns 

3,4 

Enable to End of Write 
(MCM6268) 

tELWH 

tew 

15 

— 

20 

— 

30 

— 

30 

— 

30 

— 

ns 


Select to End of Write 
(MCM6269) 

tSLWH 

tew 

15 

— 

20 

— 

30 

— 


— 


— 

ns 


Write Pulse Width 

tWLEH, 

tWLSH 

t W p 

15 

— 

20 

— 

25 

— 

30 

— 

30 

— 

ns 


Data Valid to End of 

Write 

*DVEH, 

tDVSH 

tDW 

10 

— 

10 

— 

15 

— 

15 

— 

20 

— 

ns 


Data Hold Time 

l EHDX, 

tSHDX 

tOH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX, 

tEHAX 

tWR 

0 

— 

0 

— 

0 


0 

— 

0 


ns 



NOTES: 

1 . A write occurs during the overlap of E or S low and W low. 

2. Alh/vrite cycle timing is referenced from thejast valid address to the first transitioning address. 

3. If E or S goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

4. If E or S goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 



MOTOROLA MEMORY DATA 




MCM6268»MCM6269 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 


MCM 6268 or 6269 

x h r~ 


P 



Speed (10 = 10 ns, 12=12 ns, 15 = 15 ns, 20 = 20 ns, 
25 = 25 ns, 35 = 35 ns, 45 = 45 ns, 55 = 55 ns) 


Part Number 


Package (P = Plastic DIP) 


Full Part Numbers- MCM6268P20 MCM6269P10 

MCM6268P25 MCM6269P12 

MCM6268P35 MCM6269P15 

MCM6268P45 
MCM6268P55 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4K x 4 Bit Static RAM 


The MCM6270 is a 16,384-bit static random access memory organized as 4096 words of 
4 bits, fabricated using Motorola's high-performance silicon-gate CMOS technology. 

Static design eliminates the need for external clocks or timing strobes, while CMOS cir- 
cuitry reduces power consumption for greater reliability. 

The MCM6270 is equipped with both chip enable (E) and output enable (G) inputs, 
allowing for greater system flexibility. Either input, when high, will force the outputs to 
high impedance. 

• Single 5 V Supply, ± 10% 

• Fully Static— No Clock or Timing Strobes Necessary 

• Three-State Outputs 

• Fully TTL Compatible 

• Fast Access Time (Maximum): 

Address Chip Enable Output Enable 
MCM6270-20 20 ns 20 ns 10 ns 

MCM6270-25 25 ns 25 ns 12 ns 

MCM6270-35 35 ns 35 ns 14 ns 

• Low Power Operation: 110 mA Maximum, Active ac 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate Bus 

Contention Problems 


BLOCK DIAGRAM 



PIN NAMES | 

A0-A11. . 

Address Input 

E . . . . 


DQ0-DQ3 

. Data Inputs/ Outputs 

v cc ■ • 

. . + 5 V Power Supply 

W 

Write Enable 

V SS • • 


G 

. . . . Output Enable 

NC . . . 



MCM6270 


PACKAGE 
PLASTIC 
CASE 736A 


J PACKAGE 
300 MIL SOJ 
CASE 810A 



PIN ASSIGNMENT 

DUAL-IN-LINE 

A4 [ 

1 • 

22 

3 Vcc 

A5[ 

2 

21 

] A3 

A6[ 

3 

20 

]A2 

A7[ 

4 

19 

1 A1 

A8[ 

5 

18 

] AO 

A9[ 

6 

17 

]NC 

A10[ 

7 

16 

] DQO 

All [ 

8 

15 

] DQ1 

E[ 

9 

14 

3 DQ2 

G[ 

10 

13 

] DQ3 

vsst 

11 

12 

]w 

SMALL OUTLINE 

A4 [ 

1 • 

24 

]»CC 

A5[ 

2 

23 

3 A3 

A6[ 

3 

22 

3A2 

A7[ 

4 

21 

]A1 

A8[ 

5 

20 

] AO 

NC [ 

6 

19 

] NC 

A9[ 

7 

18 

] NC 

A10 [ 

8 

17 

3 DQO 

A1 1 [ 

9 

16 

] DQ1 

EC 

10 

15 

] DQ2 

Gt 

11 

14 

] DQ3 

v ssC 

12 

13 

]w 
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MCM6270 


TRUTH TABLE 


E 

G 

W 

Mode 

Vqc Current 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

'SB 

High-Z 

- 

L 

H 

H 

Read 

'CCA 

High-Z 

- 

L 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

'CCA 

Din 

Write Cycle 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage (Vcc> 

V CC 

-0.5 to +7.0 

V 

Voltage Relative to V$S for Any 

Pin Except Vqc 

V in , V out 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (+25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

t a 

Oto +70 

°C 

Storage Temperature 

T stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C C = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 


Supply Voltage (Operating Voltage Range) 

vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.0 

- 

V C C + 0-3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|L (min)= -0.5 V dc; V|j_ (min)= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

'lka(l) 

- 

±1.0 

#*A 

Output Leakage Current (f = V|h orZ5 = V|H or W = V||_, V ou t = 0 to Vcc) 

'lka(O) 

- 

±1.0 

mA 

AC Supply Current Oout^O mA) 

'CCA 

- 

110 


TTL Standby Current (E=V|Hz No Restrictions on Other Inputs) 

'SB1 

- 

20 

mA 

CMOS Standby Current (E^Vcc~0- 2 V, No Restrictions on Other Inputs) 

'SB2 

- 

15 


Output Low Voltage (Iol = 8 - 0 mA) 

v OL 

- 

0.4 

V 

Output High Voltage (Iqh = -4.0 mA) 

v OH 

2.4 

- 

V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic j 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Inputs Except E 

Djn 

4 

6 

pF 


E 


5 

7 


I/O Capacitance 

DQ 

Cl/O 

5 

7 

pF 
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MCM6270 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5 V ± 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6Z70-20 

MCM6270-25 

MCM6270-35 

Unit 

Notes 




HQ9 

BTM 

(23 

KM 

(2231 

Read Cycle Time 

tAVAV 

tRC 

WL'M 


El 

- 

mm 


((9H 

2 

Address Access Time 

tAVQV 

tAA 

- 

WRM 

- 

El 

- 

KM 

H| 


Chip Enable Access Time 

tELQV 

tACS 

- 

KM 

- 

wm 

- 

Hi 

HI 


Output Enable Access Time 

*GLQV 

tOE 

- 

ma 

- 

mm 

- 

Kl 

Hi 


Output Hold from Address Change 

tAXQX 

tOH 

5 

- 

5 

- 

5 

- 

Hi 


Chip Enable Low to Output Active 

tELQX 

t|_Z 

5 

- 

5 

- 

5 

- 

Hi 

E 

Chip Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

8 

0 

mm 

0 

mm 

dQd 

MM 

Output Enable Low to Output Active 

tGLQX 

t|_Z 

0 

- 

0 


0 


(Q| 

E 

Output Enable High to Output High-Z 

tGHQZ 

tHZ 

0 

8 

0 

wm 

0 

mm 

■9 

1W1 

Power Up Time 

tELICCH 

tpu 

0 

- 

0 


0 


m 


Power Down Time 

tEHICCL 

tPD 

- 

IEI 

- 


- 

iEI 

Hi 



NOTES: 1. W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, t|=HQZ max is less than tELQX min - and tQHOZ max is (ess than tQLOX m in, both for a given 
device and from device to device. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

5. This parameter is sampled and not 100% tested. 

6. Device is continuously selected (E*sV||_, G<V||_). 

7. Addresses valid prior to or coincident with I going low. 


READ CYCLE 1 (See Note 6 Above) 



◄ t AV AV ► 


A (ADDRESS) ^ 

( 

i 


t A XQX **| 


Q (DATA OUT) PREVIOUS DATA VALID ^ 

(mm 

^ DATA VALID 

U tAVQV 



READ CYCLE 2 (See Note 7 Above) 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6270-20 

MCM6270-25 

MCM6270-35 



Standard 

Alternate 


muun 




E£ 

Write Cycle Time 

tAVAV 




mm 


£ 

- 

££ 

3 

Address Setup Time 

tAVWL 


0 

- 

0 

- 

mm 

- 

|£| 


Address Valid to End of Write 

tAVWH 


mm 

- 



|££ 

- 



Write Pulse Width 

tWLWH 


mm 

- 

£ 

- 

El 

- 



Data Valid to End of Write 

tDVWH 


mm 


mm 


mm 

- 

££ 


Data Hold Time 

*WHDX 


0 

- 

0 

- 

0 

- 

|££ 


Write Low to Output High-Z 

*WLQZ 

*WZ 

0 

8 

0 

mm 

mm 

mm 

■a 

1111 

Write High to Output Active 

tWHQX 

tow 

5 

- 

5 

- 

5 

- 

£ 


Write Recovery Time 

tWHAX 


0 

- 

0 

- 

0 

- 

££ 



NOTES; 

1. A write occurs during the overlap of EJow and W low. 

2. If G goes low coincident with or after W goes low, the output will remain in a high impedance state. 

3. All write cycle timing is referenced from the last valid address to the first transitioning address. 

4. Transition is measured ±500 mV from steady-state voltage with load in Figure IB. 

5. Parameter is sampled and not 100% tested. 

6. At any given voltage and temperature, tw| Q 7 max is less than tyyHOX min - both for a given device and from device to device. 


A (ADDRESS) ^ 

tAVAV 

( ) 

< — 


** tAVWH ► 


■“ tWHAX 

E (CHIP ENABLE) 

\ 



1 

tWLWH ► 



m 

IS 

a 

■HI 

* tWHDX 


^gaggi 

S' 

mi 




i 

IB 

KB ■ 

t: 



AC TEST LOADS 




Figure 1A 


Figure IB 
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WRITE CYCLE 2 (E Controlled; See Notes 1 and 2) 


Parameter 

Symbol 

MCM6270-20 





Standard 

Alternate 

E2B 



umi 



Write Cycle Time 

t AVAV 

*WC 


- 

El 

- 


- 

91 

M 

Address Setup Time 

tAVEL 

*AS 

0 

- 

0 

- 

0 

- 

3J| 


Address Valid to End of Write 

tAVEH 

*AW 

mm 

- 

WTM 



- 

31 


Chip Enable to End of Write 

tELEH 

tew 

15 

- 

ES 



- 

31 

mm 

Chip Enable to End of Write 


tew 

15 

- 




- 

33 

mm 

Write Pulse Width 



mm 

- 

wzw 


El 

- 

31 


Data Valid to End of Write 

*DVEH 

tDW 

KS 

- 

mm 

~ 

mm 

- 

aa 


Data Hold Time 

K533I 

tDH 

0 

- 

0 

- 

0 

- 

■a 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

0 

- 

0 

- 

31 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. If S goes low coincident with or after W goes low, the output will remain in a high impedance state. 

3. All write cycle timing is referenced from the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

5. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



Q (DATA OUT) ■ 


HIGH Z 


TIMING PARAMETER ABBREVIATIONS 


signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 


t X X X X 


The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, address 
setup time is shown as a minimum since the system must 
supply at least that much time (even though most devices do 
not require it). On the other hand, responses from the memory 
are specified from the device point of view. Thus, the access 
time is shown as a maximum since the device never provides 
data later than that time. 
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Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6270 



X 


XX 



Shipping Method (R2=Tape & Reel, Blank = Rails) 
Speed (20 = 20 ns, 25 = 25 ns, 35 = 35 ns) 

Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers- MCM6270P20 
MCM6270J20 
MCM6270J20R2 


MCM6270P25 

MCM6270J25 

MCM6270J25R2 


MCM6270P35 

MCM6270J35 

MCM6270J35R2 
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MOTOROLA 

■■ SEMICONDUCTOR mbbh 

TECHNICAL DATA 

64K x 1 Bit Fast Static RAM 


The MCM6287 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 12, 15, 20, 25, and 35 ns 

• Equal Address and Chip Enable Access Times 

• Low Power Operation: 120 -160 mA Maximum ac 

• Fully TTL-Compatible — Three-State Output 

• Seperate Data Input and Output 
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MCM6287 


TRUTH TABLE (X = don't care) 


El 

W 

Mode 

Vqq Current 

Output 

Cycle 

H 

X 

Not Selected 

'SB1> 'SB2 

High-Z 

- 

L 

H 

Read 

<CCA 

D out 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage Relative to Vqs 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vqs For Any Pin 

Except Vqq 

Vin.V out 

- 0.5 to Vqq +0.5 

V 

Output Current 

( out 

±30 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias Oa = 25°C) 

T bias 

- 1 0 to + 85 

°c 

Operating Temperature 

t a 

0 to + 70 

°c 

Storage Temperature — Plastic 

Istfl 

-55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T/\ = 0 to 70° C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

Vqq + 0.3** 

V 

Input Low Voltage 

V|L 

-0.5* 

— 

0.8 

V 


* V|[_ (min) = - 0.5 V dc; V|[_ (min) = - 2.0 V ac (pulse width < 20 ns) 

** V||_| (max) = Vqq + 0.3 V dc; Vm (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

— 

±1.0 

pA 

Output Leakage Current (E = V||_| or G = V||_|, V out = 0 to Vqq) 

'lkq(O) 

— 

±1.0 

pA 

CMOS Standby Current (Vqq = Max, f = 0 MHz, E > Vqq - 0.2V* 
V in <Vss + 0.2V,or > Vqq -0.2 V) 

'SB2 

— 

15 

pA 

Output Low Voltage (Iql = 8.0 mA ) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

VOH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 

Unit 

AC Active Supply Current (l out = 0 mA, VCC = Max, f = fmax) 

•CCA 

150 

140 

130 

120 

110 

mA 

AC Standby Current (E = Vm, Vqq = MAX, f = f max ) 

>SB1 

45 

40 

35 

30 

30 

mA 


Tor devices with multiple chip enables of opposite polarity, ^ Vqq - 0.2 V or E2 < Vqs + 0.2 V 
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CAPACITANCE (f = 1 MHz, dV = 3 V, T/\ = 25°C, Periodically sampled rather than 1 00% tested) 


Characteristic 


Max 

Unit 

Address and Data Input Capacitance 


6 

PF 

Control Pin Input Capacitance (E,W) 


6 

PF 

Output Capacitance 

C ou t 

7 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5 V ± 10 %, T/y = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0to3V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


Parameter 

Symbol 

-12 

-15 

-20 

-25 




fP***3 




^3 


Min 



1221 


U2| 

Read Cycle Time 



■a 


la 

- 

20 


m 





2 

Address Access Time 

KKMIl 


— 

m 

— 

■a 

— 


— 

m 

— 


3 


Enable Access Time 

tELQV 

Ucs 

— 

■a 

— 

■a 

— 

EH 

— 

m 

— 

^11 

331 

3 

Output Hold from Address Change 



4 

— 

4 

— 

4 

- 

4 

— 

4 

— 

3 


Enable Low to Output Active 

*ELQX 

tCLZ 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

4,5,6 

Enable High to Output High-Z 

‘EHQZ 

tCHZ 

0 

6 

0 

8 

0 

9 

0 

10 

0 

15 

ns 

4,5,6 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tPD 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 



NOTES: 

1 . is high for read cycle. 

2. All timings are referenced from the last valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, tj=HQZ max < fELQX min f° r a 9 iven device and from device to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 1 00% tested. 

7. Device is continuously selected E < Vji_. 
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MCM6287 


READ CYCLE 1 (See Note 7) 



A (ADDRESS) 


3C 


E (CHIP ENABLE) 


Q(DATAOUT) ■ 


READ CYCLE 2 (See Notes 2 and 4) 

t avav 


X 


A. 


Vcc 

SUPPLY CURRENT 


<CC - 
I SB “ 


t ELICCH 


t ELQV - 


h t ELQX H 


t AVQV 


raxx 


/- 


t EHQZ - 


DATA VALID 


1 ELICCL - 


AC TEST LOADS 


OUTPUT 




— Zq = 50 Q 




R L = 50 Q 
V|_ = 1.73 V 


Figure 1A 



TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 

The transition definitions used in this data sheet are: 

H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 



TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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WRITE CYCLE 1 ( W Controlled) (See Notes 1 , 2 and 3) 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 




391 

EH 


EH 

I2H 

EH 


EQ| 

Euf 

EJ 

1221 

Write Cycle Time 

l AVAV 

3hi 

m 

— 

E 

— 


— 

m 

— 

119 

— 


2 

Address Setup Time 



0 

— 

0 

— 

0 

— 

D 

- 

D 

— 

EH 


Address Valid to End of Write 



El 

— 

■a 

— 

■a 

— 

• , Q| 

— 

E 

— 

H3 


Write Pulse Width 


1 

10 

a 


■ 

■ 

■ 

20 

— 

25 

■ 



Data Valid to End of Write 



6 

— 

7 

— 

8 

n 

10 

— 

■a 

— 



Data Hold Time 

BBBB 

*DH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

31 


Write Low to Output High-Z 

l WLQZ 

{ WZ 

0 

6 

0 

7 

0 

8 

0 

MM 

0 

■a 


liy 

Write High to Output Active 


JEM 

4 

— 

4 

— 

4 

- 

4 

- 

4 

— 


3 

Write Recovery Time 


WSM 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 




WRITE CYCLE 2 ( E Controlled) (See Notes 1 , 2 and 3) 


Parameter 

Symbol 


-15 


-25 

-35 



Std 

Alt 






UJ 



Eg 

EH 

Write Cycle Time 



■a 

— 

■a 

— 

E9 

— 

m 

— 

ESI 

— 

31 

2 

Address Setup Time 

tAVEL 


0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

jj 


Address Valid to End of Write 

l AVEH 

l AW 

■a 

- 

■a 

— 

■a 

— 

20 

- 

El 

— 



Enable to End of Write 

tELEH. 

l ELWH 

^CW 

■ 

■ 

u 

— 


■ 


■ 

■ 

■ 

ns 

a 

Data Valid to End of Write 

*DVEH 

l DW 

n 

— 

7 

— 

8 

— 

10 

— 

■a 

— 

E3 


Data Hold Time 

tEHDX 

*DH 

0 

— 

0 

— 

0 

— 

D 

— 

0 

— 



Write Recovery Time 

l EHAX 

{ WR 

0 

__ 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



N0TES: _ 

1 . A write occurs during the overlap of E low and W low. 

2. All timings are referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, tyy|_Qz max < twhiQX m ' n > both for a given device and from device to device. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

7. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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MCM6287 


WRITE CYCLE 1 (See Note 2) 



t avav ► 

A (ADDRESS) ^ 

( ~ X 



t AVWH ► 

7 

■*“►1— l WHAX 

E (CHIP ENABLE) 

\_ 

l 


u* 1 WLWH ► 

W (WRITE ENABLE) 

\ 

* AVWL — *■ 

tWLEH 

X 7 

l 



”* * DVWH ** 


1 WHUX 

d(datain) xxxxxxxxx 

<xxx 

DATA VALID 

)< 

xxxxxx 

HIGHZ 

n /nATA m m 


♦ 1 WLQZ 

HIGHZ 



AAAAAAL 

-A7VW\— 

WV\AA4 


-*-tWHQX-» 

y<N\hr^ 



WRITE CYCLE 2 (See Note 2) 



ORDERING INFORMATION (Order by Full Part Number) 


MCM 6287 X 

Motorola Memory Prefix — ■* 

Part Number 


XX XX 

Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (12 = 12 ns, 15 = 15 ns, 20 = 20 ns) 


Package (P = 300-mil Plastic DIP, J = 300-mil SOJ) 


Full Part Numbers— MCM6287P1 2 
MCM6287P15 
MCM6287P20 
MCM6287BP25 
MCM6287BP35 


MCM6287J12 

MCM6287J15 

MCM6287J20 

MCM6287BJ25 

MCM6287BJ35 


MCM6287J12R2 

MCM6287J15R2 

MCM6287J20R2 

MCM6287BJ25R2 

MCM6287BJ35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


16K x 4 Bit Fast Static RAM 


The MCM6288 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ± 1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 12 and 15 ns 

• Equal Address and Chip Enable Access Times 

• Low Power Operation: 140 - 150 mA Maximum ac 

• Fully TTL-Compatible — Three-State Output 


BLOCK DIAGRAM 



MCM6288 



P PACKAGE 
300-MIL PDIP 
CASE 736A 


PIN ASSIGNMENT 

AO [ 

1# 

22 

]V C C 

A1 [ 

2 

21 

] A13 

A2 [ 

3 

20 

] A12 

A3 [ 

4 

19 

] All 

A4 [ 

5 

18 

] A10 

A5 [ 

6 

17 

] A9 

A6 [ 

7 

16 

] DQO 

A7[ 

8 

15 

] DQ1 

A8 [ 

9 

14 

] DQ2 

E [ 

10 

13 

] DQ3 

vss[ 

11 

12 

] W 


PIN NAMES 


AO — A13 Address Input 

DQO — DQ3 . . . Data Input/Data Output 

W Write Enable 

E Chip Enable 

NC No Connection 

Vqq Power Supply (+ 5 V) 

Vgs Ground 
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TRUTH TABLE 


E 

W 

Mode 

Vqq Current 

Output 

Cycle 

H 

X 

Not Selected 

•SBI- >SB2 

High-Z 

— 

L 

H 

Read 

•CCA 

D out 

Read Cycle 

L 

L 

Write 

>CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vqs For Any Pin 

Except V CC 

v in> v out 

-0.5 to Vqq 
+ 0.5 

V 

Output Current (per I/O) 

•out 

±30 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature— Plastic 

Isis 

-55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T A = 0to 70° C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

Vqq + 0.3** 

V 

Input Low Voltage 

VlL 

-0.5* 

— 

0.8 

V 


* V||_ (min) = - 0.5 V dc; V|[_ (min) = - 2.0 V ac (pulse width < 20 ns) 

**Vm (max) = Vqq + 0.3 V dc; V||-| (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkfl(l) 

— 

±1.0 

HA 

Output Leakage Current (E = Vjh or G = V|}_|, V out = 0 to Vqq) 

'lka(O) 

— 

±1.0 

pA 

Standby Current (E > V cc - 0.2 V, Vqq = MAX, f = 0MHz, V in < V ss 
+ 0.2 V, or > Vqq -0.2V) 

•SB2 

— 

20 

mA 

Output Low Voltage (Iq|_ = 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = -4.0 mA) 

VQH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-12 

-15 

Unit 

AC Active Supply Current (l out = 0 mA, VCC = Max, f = fmax) 

•CCA 

150 

140 

mA 

AC Standby Current (E = V|h, Vqq = MAX, f = f max ) 

'SBI 

45 

40 

mA 
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MCM6288 


CAPACITANCE (f = 1 MHz, dV = 3 V, T^ = 25°C, Periodically sampled rather than 100% tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

Cjn 

6 

pF 

Control Pin Input Capacitance (E,G,W) 

Cin 

6 

PF 

Output Capacitance 

c out 

7 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5 v ±10%, T/\ = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0to3V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


Parameter 

Symbol 

-12 

-15 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

l RC 

12 

— 

15 

— 

ns 

3 

Address Access Time 

*AVQV 

*AA 

— 

12 

— 

15 

ns 


Enable Access Time 

*ELQV 

{ ACS 

— 

12 

— 

15 

ns 

4 

Output Enable Access Time 

tGLQV 

tOE 

— 

6 

— 

8 

ns 


Output Hold from Address Change 

lAXQX 

tOH 

4 

— 

4 

— 

ns 


Enable Low to Output Active 

tELQX 

l CLZ 

4 

- 

4 

— 

ns 

5,6,7 

Output Enable Low to Output Active 


tOLZ 

0 

— 

0 

— 


{119 

Enable High to Output High-Z 


l CHZ 

0 

6 

0 

8 

|Q| 


Output Enable High to Output High-Z 

kaHQZ 

l 0HZ 

0 

6 

0 

7 

ns 

5,6,7 

Power Up Time 

tELICCH 

*PU 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

l PD 

— 

12 

— 

15 

ns 



NOTES^ 

1. W is high for read cycle. __ 

2. For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, tEHQZ max < *ELQX min > and *GHQZ max < iGLQX min > both for a 9 iven device and from device to 
device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected. E < V||_ and G < V|j_. 
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MCM6288 


READ CYCLE 1 (See Note 8) 


A (ADDRESS) ^ 

t avav ► 

< ) 

< 


t AXQX ► 


1 


Q (DATA OUT) 

PREVIOUS DATA VALID ^ 

(XXXXXXXXX) 

^ DATA VALID 


tAVQV 


A (ADDRESS) 

E (CHIP ENABLE 

Q(DATAOUT) - 


K 


READ CYCLE 2 (See Notes 2 and 4) 

t AVAV 


X 


A. 


V CC 

SUPPLY CURRENT 


>CC ■ 
*SB - 


t ELICCH 


t ELQV - 


h 1 elqx"H 


KM 


tAVQV 


X 


DATA VALID 


t EHQZ “ 


t ELICCL - 


\ 


AC TEST LOADS 


OUTPUT 


— 1— Zg = 50 Q JL. 




R L = 50 Q ; 
V|_ = 1.5 V 


Figure 1A 



TIMING PARAMETER ABBREVIATIONS 


signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 



X X 


The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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WRITE CYCLE 1 ( W Controlled) (See Notes 1 , 2 and 3) 


Parameter 

Symbol 

-12 

-15 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

12 

— 

15 

— 

ns 

4 

Address Setup Time 

l AVWL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

V\w 

10 

— 

12 

— 

ns 


Write Pulse Width 

tWLWH- 

tWLEH 

t W p 

10 

— 

12 

— 

ns 


Write Pulse Width, High 
(Output Enable devices) 

tWLWH> 

tWLEH 

twp 

8 


10 


ns 

5 

Data Valid to End of Write 

*DVWH 

*DW 

6 

— 

7 

— 

ns 


Data Hold Time 

tWHDX 

l DH 

0 

— 

0 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

*WZ 

0 

6 

0 

7 

ns 

6,7,8 

Write High to Output Active 

l WHQX 

tow 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

*WHAX 

tWR 

0 

— 

0 

— 

ns 



WRITE CYCLE 2 ( E Controlled) (See Notes 1 , 2 and 3) 


Parameter 

Symbol 

-12 

-15 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

two 

12 

— 

15 

— 

ns 

4 

Address Setup Time 

tAVEL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

10 

— 

12 

— 

ns 


Enable to End of Write 

tELEH- 

tELWH 

tew 

8 

— 

10 

— 

ns 

9,10 

Data Valid to End of Write 

tDVEH 

tDW 

6 

~ 

7 

— 

ns 


Data Hold Time 

l EHDX 

tDH 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

ns 



N0TES: 

1 . A write occurs during the overlap of E lowland W low. 

2. For devices with multiple chip gables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

4. All timings are referenced from the last valid address to the first transitioning address. 

5. For Output Enable devices, if G > Vm, the output will remain in a high-impedance state. 

6. At any given voltage and temperature, ty\/LQG max < tyvHQX min > both * or a 9 iven device and from device to device. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

8. This parameter is sampled and not 1 00% tested. 

9. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

10. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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WRITE CYCLE 1 (See Note 2) 



WRITE CYCLE 2 (See Note 2) 


A (ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

D (DATA IN) 
Q (DATA OUT) 



ORDERING INFORMATION (Order by Full Part Number) 
MCM 6288 X XX XX 

Motorola Memory Prefix 
Part Number 

Package (P = 300-mil Plastic DIP, J = 300-mil SOJ) 

Full Part Numbers — MCM6288P12 
MCM6288P15 


T 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (12 = 12 ns, 15 = 15 ns) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



1 6Kx4 Bit Static RAMs 

The MCM6288B and MCM6290B are 65,536 bit static random access memories 
organized as 16,384 words of 4 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. Static design eliminates the need for external clocks 
or timing strobes, while CMOS circuitry reduces power consumption for greater 
reliability. _ _ 

The chip enable (E) pin is not a clock. In less than a cycle time after E goej> 
high, the part enters a low-power standby mode, remaining in that state until E goes 
low again. This feature reduces system power requirements without degrading ac- 
cess time performance. 

The MCM6290B has both chip enable (E) and output enable (G) inputs, allowing 
greater system flexibility. Either input, when high, will force the outputs to high 
impedance. 

• Single 5 V ±1 0% Power Supply 

• Fast Access Time (Maximum) MCM6290B 

(xx=88 or 90) Address Chip Enable Output Enable 

MCM62xxB-20 20 ns 20 ns 10 ns 

MCM62xxB-25 25 ns 25 ns 12 ns 

MCM62xxB-35 35 ns 35 ns 15 ns 

• Equal Address and Chip Enable Access Time 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 

Bus Contention Problems (MCM6290B) 

• Low Power Operation: 120 mA Maximum, Active AC 

• Fully TTL Compatible — Three-State Data Output 

A2 
A3 
A4 
A5 
A6 
All 
A12 
A13 
DQO 
DQ1 
DQ2 
DQ3 


E 

W 

(MCM6209B ONLY) G 


PIN NAMES 

A0-A13 Address Input 

DQ0-DQ3 — Data Input/Data Output 

W Write Enable 

G (MCM6290B) Output Enable 

E Chip Enable 

NC No Connection 

Vqc Power Supply (+5 V) 

Vgs Ground 
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MCM6288B»MCM6290B 


MCM6288B TRUTH TABLE 


E 

W 

Mode 

Vqc Current 

Output 

Cycle 

H 

X 

Not Selected 

■SB1« l SB2 

High-Z 

— 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


MCM6290B TRUTH TABLE 


E 

G 

W 

Mode 

Vqq Current 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

'SBI- >SB2 

High-Z 

— 

L 

H 

H 

Output Disabled 

'CCA 

High-Z 

— 

L 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

'CCA 

D in 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 V 

V 

Voltage Relative to Vqs For Any Pin 

Except Vqq) 

v in> V ou t 

—0.5 to Vqq +0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T A = 25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

t a 

0 to +70 

°c 

Storage Temperature 

T sta 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS areex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device relability. 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-impe- 
dance circuit. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Vqq = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=° v ) 


Parameter 

Symbol 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.5 

V 

Input High Voltage 

V|H 

2.2 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.8 

V 


*V|[_ (min) = -0.5 V dc; V|[_ (min) = -2.0 V ac (pulse width < 0 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n =0 to Vqq) 

'lkfl(l) 

— 

±1 

pA 

Output Leakage Current (E = Vj^, V out = 0 to Vqq) 

'ika(O) 

— 

±1 

HA 

AC Active Supply Current (l 0U { = 0 mA, Vqq = Max, f = f ma x) *AVAV = 20 ns 

'CCA 

— 

120 

mA 

*AVAV = 25 ns 


— 

120 


*AVAV = 35 ns 


— 

110 


AC Standby Current (E = Vjh, Vqq = Max, f = f max ) 

>SB1 

— 

40 

mA 

CMOS Standby Current (Vqq = Max, f = 0 MHz, E > Vqq - 0.2 V, Vj n < Vqs + 0.2 V or 

>SB2 

— 

15 

mA 

> Vqq -0.2 V) 





Output Low Voltage (Iol= 8 0 mA ) 

v OL 

— 

0.4 

V 

Output High Voltage (Ioh =-4 -° mA ) 

v OH 

2.4 

— 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Max 

Unit 

Input Capacitance All Inputs Except E 

E 

Djn 

6 

7 

PF 

I/O Capacitance 

C|/o 

7 

PF 


MOTOROLA MEMORY DATA 


5-163 







M CM6288B • MCM6290B 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V cc = 5.0 V ±10%, T A = 0to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 

READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6288B-20 

MCM6290B-20 

MCM6288B-25 

MCM6290B-25 

MCM6288B-35 

MCM6290B-35 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

20 

— 

25 

— 

35 

— 

ns 

2 

Address Access Time 

E ! ! 

*AA 

— 


— 

mm 

— 

35 



Enable Access Time 



— 


— 


— 

KM 


3 

Output Hold from Address Change 

*AXQX 

k)E 

4 


4 

— 

4 




Output Enable Access Time MCM6290B 

*GLQV 

tQE 

— 


— 

12 

— 

mm 



Output Enable Low to Output Active MCM6290B 

tGLQX 

tLZ 

0 

— 

0 

— 

0 



Hfl 

Output Enable High to Output High-Z 

MCM6290B 

tGHQZ 

tHZ 

0 

8 





1 

m 

Enable Low to Output Active 

tELQX 

tLZ 

4 

— 

4 

— 

4 

— 

E3 


Enable High to Output High-Z 

tEHQZ 

tHZ 

0 

8 

0 

mm 

0 

mm 

EB 

HU 

Power Up Time 

tELICCH 

wm 

0 

— 

0 

— 

0 

— 



Power Down Time 

iEHICCL 

msm 

— 

■ 

— 

mm 

— 

35 




NOTES: 1 . W is high for read cycle. 

2. All read cycle timing is referenced from thejast valid address to the first transitioning address. 

3. Addresses valid prior to or coincident with E going low. 

4. At any given voltage and temperature, t|=HQZ max is ,ess than *ELQX min - and *GHQZ max is ,ess than tGLQX min > both f° r a 9 iven 
device and from device to device. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E = Vj[_) and G = V|i_ (MCM6290B only). 


READ CYCLE 1 (See Note 7 Above) 
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MCM6288B*MCM6290B 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 


Parameter 

Symbol 

MCM6288B-20 

MCM6290B-20 

MCM6288B-25 

MCM6290B-25 

MCM6288B-35 

MCM6290B-35 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVA V 

*WC 

20 

— 

25 

— 

35 

— 

ns 

2 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

*AW 

15 

— 

20 

— 

30 

— 

ns 


Write Pulse Width 

*WLWH 

t W P 

15 

— 

20 

— 

30 

— 

ns 


Data Valid to End of Write 

toVWH 

tow 

10 

— 

10 

— 

15 

— 

ns 


Data Hold Time 

*WHDX 

toH 

0 

— 

0 

— 

0 

— 

ns 


Write Low to Output High-Z 

*WLQZ 

*wz 

0 

8 

0 

10 

o 

15 

ns 

3,4, 

5,6 

Write High to Output Active 

*WHQX 

tow 

4 

' — 

4 

— 

4 

— 

ns 

3,4,5 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. 

4. Parameter is sampled and not 100% tested. 

5. At any given vojtage and temperature, tyvLQZ less than twhjQX min b°th for a given device and from device to device. 

6. MCM6290B, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 



AC TEST LOADS 


+5V +5V 




Figure 1 A Figure IB 
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MCM6288B»MCM6290B 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


Parameter 

Symbol 

MCM6288B-20 

MCM6290B-20 

MCM6288B-25 

MCM6290B-25 

MCM6288B-35 

MCM6290B-35 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

l AVAV 

*WC 

20 

— 

25 

— 

35 

— 

ns 

2 

Address Setup Time 

*AVEL 

*AS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 



15 

— 

20 

— 

30 

— 

ns 


Enable to End of Write 


few 


— 


— 


— 

m 


Enable to End of Write 



■a 

— 


— 


— 


wa 

Write Pulse Width 



mm 

— 


— 


— 



Data Valid to End of Write 

S 


mm 

— 

10 

— 

mm 

— 



Data Hold Time 


*DH 

0 

— 

0 

— 

0 

— 



Write Recovery Time 



0 

— 

mm 

— 

0 

— 




NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. Al|_write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

5. MCM6290B, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 



Q (DATA OUT) 


HIGH Z 


TIMING PARAMETER ABBREVIATIONS 


signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 


t X X X X 


The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 


TIMING LIMITS 

The table of timing values shows either a minimum or a max- 
imum limit for each parameter. Input requirements are speci- 
fied from the external system point of view. Thus, address set- 
up time is shown as a minimum since the system must supply 
at least that much time (even though most devices do not re- 
quire it). On the other hand, responses from the memory are 
specified from the device point of view. Thus, the access time 
is shown as a maximum since the device never provides data 
later than that time. 
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MCM6288B»MCM6290B 


ORDERING INFORMATION 
(Order by Full Part Number) 




Shipping Method (R2 = Tape and Reel, Blank = Rails) 
Speed (20 = 20 ns, 25 = 25 ns, 35 = 35 ns) 

Package (P = Plastic DIP, J = Plastic SOJ 


Full Part Numbers— MCM6288BP20 MCM6290BP20 MCM6290BJ20 MCM6290BJ20R2 

MCM6288BP25 MCM6290BP25 MCM6290BJ25 MCM6290BJ25R2 

MCM6288BP35 MCM6290BP35 MCM6290BJ35 MCM6290BJ35R2 


5 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


16K x 4 Bit Static RAM 

The MCM6288C is a 65,536 bit static random access memory organized as 1 6,384 
words of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS technol- 
ogy. Static design eliminates the need for external clocks or timing strobes, while CMOS 
circuitry reduces power consumption for greater reliability. 


• Single 5 V ± 10% Power Supply 

• Low Power Operation: 120 mA Maximum, Active ac 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 12, 15, 20, 25, 35 ns 

• Two Chip Controls: IE for Automatic Power Down 

G for Fast Access to Data and Elimination of Bus Contention 
Problems 

• Fully TTL Compatible -Three-State Data Output 


BLOCK DIAGRAM 



MCM6288C 



P PACKAGE 
300 MIL PLASTIC 
CASE 736 B 


PIN ASSIGNMENT 


AO [ 

1* 

22] 

Alt 

2 

21] 

A2 [ 

3 

20] 

A3 C 

4 

19] 

A4 [ 

5 

18] 

A5[ 

6 

17] 

A6[ 

7 

16] 

A7[ 

8 

15] 

A8 [ 

9 

14] 

E [ 

10 

13] 

V SS C 

11 

12] 


V CC 

A13 

A12 

All 

A10 

A9 

DQO 

DQ1 

DQ2 

DQ3 

W 


PIN NAMES 

A0-A13 . . . 

Address Input 

DQO - DQ3 . 

. . Data Input/Data Output 

W 

Write Enable 

E 

Chip Enable 

NC 

No Connection 

v cc 

. . . Power Supply (+ 5 V) 

v ss 

Ground 
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MCM6288C 


TRUTH TABLE 


E 

W 

Mode 

Vqq Current 

I/O Pin 

H 

X 

Not Selected 

'SBI » 'SB2 

High-Z 

L 

H 

Read 

'CCA 

D out 

L 

L 

Write 

'CCA 

High-Z 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to Vqs For Any Pin 

Except Vqq 

V in . V ou t 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current 

'out 

±20 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias 0 a = 25°C) 

Tbias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature — Plastic 

Islfl 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, afterthermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

_ 

CO 

o 

+ 

O 

O 

> 

V 

Input Low Voltage 

V|L 

- 0.5* 

— 

0.8 

V 


* V|l (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) 

** V||_j (max) = Vqq + 0.3 V dc; Vjh (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkfl(l) 

— 

±1.0 

HA 

Output Leakage Current (E = V|h or G = Vjh, Vout = 0 to Vqq) 

'lka(O) 

— 

1.0 

fa 

Standby Current (E > Vqq - 0.2 V*, Vj n < Vqs + 0.2 V, 
or > Vqq - 0.2 V, Vqq = MAX, f = 0 MHz) 

>SB2 

— 

10 

mA 

Output Low Voltage (Iql = 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 m A) 

v OH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-12* 

-15* 

-20* 

-25* 

-35* 

Units 

AC Supply Current (l ou t = 0 mA) 

'CCA 

120 

120 

110 

110 

110 

mA 

Standby Current (TTL Levels, Vqq = Max) 

>SB1 

45 

40 

35 

30 

30 

mA 


* All values represent maximum values 
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MCM6288C 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

c in 

6 

pF 

Output Capacitance 

2pm 

7 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

12 

— 

15 

__ 

20 

— 

25 

— 

35 

— 

ns 

3 

Address Access Time 

*AVQV 

l AA 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 


Enable Access Time 

tELQV 

*ACS 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 

4 

Output Enable Access Time 

tGLQV 

*OE 

— 

6 

— 

8 

— 

10 

— 

12 

— 

15 

ns 


Output Hold from Address 

Change 

*AXQX 

tOH 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

5,6,7 

Enable Low to Output Active 

*ELQX 

tCLZ 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

5,6,7 

Enable High to Output High-Z 

tEHQZ 

tCHZ 

0 

6 

0 

8 

0 

8 

0 

10 

0 

15 

ns 

5,6,7 

Output Enable Low to Output 
Active 

*GLQX 

tOLZ 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

5,6,7 

Output Enable High to Output 
High-Z 

kaHQZ 

*OHZ 

0 

6 

0 

7 

0 

8 

0 

10 

0 

15 

ns 

5,6,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 


0 

— 

0 

— 

ns 


Power Down Time 

’EHICCL 

tPD 

— 

12 

— 

15 

— 

20 

— 

25 

... ~ i 

35 

ns 



NOTES: 1 . W is high for read cycle. 

2. For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, t^HOZ max is less than *ELQX ( m ' n )> ancl *GHQZ (max) is less than tQLQX ( m ' n )> both for a 
given device and from device to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure IB. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected (E = V|[_, E2 = V|h, G = V|j_). 
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MCM6288C 


READ CYCLE 1 (See Note 8) 



tAVAV *• 


A (ADDRESS) ^ 

( lz : > 

cz 


tAXQX *| 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

(ZXXX) 

^ DATA VALID 

r l AVQV 




READ CYCLE 2 (See Notes 2 and 4) 



AC TEST LOADS 


Z 0 = 50 Q 


V L = 1.50 V 



480 Q 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 


TIMING LIMITS 

The table of timing values shows either a mini- 
mum or a maximum limit for each parameter. In- 
put requirements are specified from the external 
system point of view. Thus, address setup time is 
shown as a minimum since the system must sup- 
ply at least that much time (even though most de- 
vices do not require it). On the other hand, 
responses from the memory are specified from 
the device point of view. Thus, the access time is 
shown as a maximum since the device never pro- 
vides data later than that time. 
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MCM6288C 


WRITE CYCLE 1 (W Controlled, See Notes 1, 2, and 3) 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

12 

— 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

3 

Address Setup Time 


*AS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 


l AW 

10 

— 

MM 

— 

Mi 1 

— 

g 

— 

Eps 

— 

is 


Write Pulse Width 




— 


B 


— 


— 


— 

Q 






■ 

10 

B 


B 

B 

B 


B 


5 




6 

— 

7 

— 

8 

— 

■a 

— 


— 



Data Hold Time 

*WHDX 

*DH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Low to Output High-Z 

tWLQZ 

twz 

0 

6 

0 

7 

0 

8 

0 

10 

0 

15 

ns 

4,5,6 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

4,5,6 

Write Recovery Time 

*WHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE 2 (E Controlled, See Notes 1 , 2, and 3) 


Parameter 

Symbol 

-12 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

12 

— 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

3 

Address Setup Time 


tAS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

8 

— 

12 

— 

15 

— 

20 

— 

25 

— 

ns 


Enable to End of Write 

tELEH- 

tELWH 

tew 

8 

— 

10 

— 

12 

— 

15 

— 

25 

— 

ns 

7,8 

Data Valid to End of Write 

tDVEH 

tDW 

6 

— 

7 

— 

8 

— 

10 

— 

15 

— 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

<EHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1. 
2. 

3. 

4. 

5. 

6 . 

7. 

8 . 


A write occurs during the overlap of E lowland W low. 

For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

All timings are referenced from the last valid address to the first transitioning address. 

At any given voltage and temperature, tyvLQZ max is ,ess than *WHQX min > both for a 9 iven device and from device to device. 
Transition is measured ± 500 mV from steady-state voltage with load of Figure IB. 

This parameter is sampled and not 100% tested. 

If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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MCM6288C 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 



WRITE CYCLE 1 (E Controlled, See Notes 1 and 2) 



•* f AVAV : •* 


A (ADDRESS) ^ 

( ) 

< 





tAVEH 

E (CHIP ENABLE) 

\ / 

* t , „ l ELEH J 

/ 


AVEL ^ 'ELWH 

«* tWLEH ► 


X 

< 

X 

LU 

W (WRITE ENABLE) 

X i 

l 

' tEHDX 

■* tDVEH 

■«" :xxxxxxxxxxxxxxxxxxxxx »™ XXXXXX) 


Q (DATA OUT) 


HIGHZ 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 6288C 


X 


Shipping Method (R2 = Tape and Reel, Blank = Rails) 

Speed (12 = 12 ns, 15= 15 ns, 20 = 20 ns, 

35 = 35 ns) 

Package (P = Plastic DIP, J = Plastic SOJ 


Full Part Numbers: MCM6288CP12 
MCM6288CP15 
MCM6288CP20 
MCM6288CP25 
MCM6288CP35 
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MOTOROLA 

SEMICONDUCTOR mam 

TECHNICAL DATA 

16K x 4 Fast Static RAM 


The MCM6290 is fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. Static design eliminates the need for external clocks or tim- 
ing strobes, while CMOS circuitry reduces power consumption and provides for 
greater reliability. 

This device meets JEDEC standards for functionality and pinout, and is avail- 
able in plastic dual-in-line and plastic small-outline J-leaded packages. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 12 and 15 ns 

• Equal Address and Chip Enable Access Times 

• Output Enable (G) Feature for Increased System Flexibility and to Eliminate 
Bus Contention Problems. 

• Low Power Operation: 140 -150 mA Maximum ac 

• Fully TTL-Compatible — Three-State Output 


BLOCK DIAGRAM 



MCM6290 



P PACKAGE 
300-MIL SOJ 
CASE 724A 



J PACKAGE 
300-MIL SOJ 
CASE 81 0A 


PIN ASSIGNMENT 

‘t ao [ 

1 • 

24 

] vcc 

. ? A1[ 

2 

23 

] A13 

A2 [ 

3 

22 

] A12 

A3 [ 

4 

21 

] All 

A4 [ 

5 

20 

] A10 

A5 [ 

6 

19 

] A9 

A6 [ 

7 

18 

] NC 

A7[ 

8 

17 

] DQO 

A8 [ 

9 

16 

] DQ1 

E [ 

10 

15 

] DQ2 

G [ 

11 

14 

] DQ3 

v ss[ 

12 

13 

] W 


PIN NAMES 


AO — A13 Address Input 

DQO — DQ3 . . . Data Input/Data Output 

W Write Enable 

G Output Enable 

E Chip Enable 

NC No Connection 

Vqq Power Supply (+ 5 V) 

V3S Ground 
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MCM6290 


TRUTH TABLE 


E 

G 

W 

Mode 

Vqq Current 

I/O Pin 

H 

X 

X 

Not Selected 

•SB1> 'SB2 

High-Z 

L 

H 

H 

Output Disabled 

'CCA 

High-Z 

L 

L 

H 

Read 

>CCA 

D out 

L 

X 

L 

Write 

'CCA 

Din 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 V 

V 

Voltage Relative to V$s For Any Pin 

Except Vqq 

v in> v out 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias (T/y = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature — Plastic 

IsJfl 

- 55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, after thermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, T/y = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

— 

Vqq + 0.3** 

V 

Input Low Voltage 

V| L 

-0.5* 

— 

0.8 

V 


* V|l (min) = - 0.5 V dc; V|j_ (min) = - 2.0 V ac (pulse width < 20 ns) 

** Vjh (max) = Vqq + 0.3 V dc; Vjh (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 


Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lko(l) 

— 

±1.0 

i 

Output Leakage Current (E = V||_| or G = Vm, V 0U f = 0 to Vqq) 

'lkg(O) 

— 

±1.0 


Standby Current (E > Vqq - 0.2 V*, Vj n < Vqs + 0.2 V, or > Vqq - 0.2 

V, Vqq = max, f = 0 MHz) 

>SB2 

— 

20 


Output Low Voltage (Iql = 8.0 mA) 

V 0 L 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-12 

-15 

Unit 

AC Active Supply Current (l out = 0 mA, VCC = Max, f = f max) 

•CCA 

150 

140 


AC Standby Current (E = V|h, Vqq = MAX, f = f max ) 

>SB1 

45 

40 

mA 
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CAPACITANCE (f = 1 MHz, dV = 3 V, T^ = 25° C, Periodically sampled rather than 100 % tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

c in 

6 

PF 

Control Pin Input Capacitance (E,G,W) 

c in 

6 

PF 

Output Capacitance 

o 

o 

c 

7 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5 V + 10 %, Ta = 0 to + 70° C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0to3V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


Parameter 

Symbol 

-12 

-15 

Unit 

Notes 

Std 

Alt 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

*RC 

12 

— 

15 

— 

ns 

3 

Address Access Time 

*AVQV 

*AA 

— 

12 

— 

15 

ns 


Enable Access Time 

l ELQV 

*ACS 

— 

12 

— 

15 

ns 

4 

Output Enable Access Time 

tGLQV 

l 0E 

— 

6 

— 

8 

ns 


Output Hold from Address Change 

{ AXQX 

tOH 

4 

— 

4 

— 

ns 


Enable Low to Output Active 

l ELQX 

{ CLZ 

4 

— 

4 

— 

ns 

5,6,7 

Output Enable Low to Output Active 

kaLQX 

l 0LZ 

0 

— 

0 

— 

ns 

5,6,7 

Enable High to Output High-Z 

l EHQZ 

fcHZ 

0 

6 

0 

8 

ns 

5,6,7 

Output Enable High to Output High-Z 

l GHQZ 

l 0HZ 

0 

6 

0 

7 

ns 

5,6,7 

Power Up Time 

tELICCH 

l PU 

0 

— 

0 

— 

ns 


Power Down Time 

fEHICCL 

fPD 

— 

12 

— 

15 

ns 



NOTES^ 

1 . W is high for read cycle. 

2. For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

3. All timings are referenced from the last valid address to the first transitioning address. 

4. Addresses valid prior to or coincident with E going low. 

5. At any given voltage and temperature, t|=HQZ max < tELQX min > and kaHQZ max < tGLQX min > botl1 for a 9 iven device and from device 
to device. 

6. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

7. This parameter is sampled and not 1 00% tested. 

8. Device is continuously selected. E < V||_ and G < V|(_. 
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READ CYCLE 1 (See Note 8) 


A (ADDRESS) 

E (CHIP ENABLE) 

G (OUTPUT ENABLE) 

Q(DATAOUT) • 


Vqc 

SUPPLY CURRENT 


! CC • 
'SB- 


X 


READ CYCLE 2 (See Notes 2 and 4) 

t avav 


A. 


t ELICCH 


t ELQV - 


A 


t ELQX 
tGLQX-H 


1 GLQV ■ 


tAVQV 


Kffi 



DATA VALID 


X 




t EHQZ - 
t GHQZ- 


r 


t ELICCL - 


AC TEST LOADS 


OUTPUT 




-J— Z 0 = 50Q 




R|_ = 50 £2 
V|_ = 1.5 V 


Figure 1A 

TIMING PARAMETER ABBREVIATIONS 

t X X X X 

signal name from which interval is defined 
transition direction for first signal 
signal name to which interval is defined 
transition direction for second signal 



The transition definitions used in this data sheet are: 
H = transition to high 
L = transition to low 
V = transition to valid 
X = transition to invalid or don’t care 
Z = transition to off (high impedance) 



TIMING LIMITS 

The table of timing values shows either a minimum or a maximum 
limit for each parameter. Input requirements are specified from the ex- 
ternal system point of view. Thus, address setup time is shown as a 
minimum since the system must supply at least that much time (even 
though most devices do not require it). On the other hand, responses 
from the memory are specified from the device point of view. Thus, the 
access time is shown as a maximum since the device output will be 
valid no later than that time. 
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WRITE CYCLE 1 ( W Controlled) (See Notes 1 , 2 and 3) 


Parameter 

Symbol 

-12 

-15 

Unit 

Notes 



Ujj 


Min 

Max 

Write Cycle Time 



m 

— 

15 

— 

ns 

4 

Address Setup Time 

tAVWL 

tAS 

0 

_ 

0 

— 

ns 


Address Valid to End of Write 

ma 

*AW 

IB 

— 

12 

— 

ns 


Write Pulse Width 

llVli-J] 



B 


B 

ns 


Write Pulse Width, High 
(Output Enable devices) 

EJJKJfi 

beb 



B 


B 

ns 

5 

Data Valid to End of Write 

I EPOTH 

*DW 

6 

— 

7 

— 

IB 


Data Hold Time 


*DH 

0 

— 

0 

— 

BB 


Write Low to Output High-Z 


*WZ 

0 

6 

0 

7 

IB 

1UB 

Write High to Output Active 


tow 

4 


4 

— 


um 



tWR 

0 

— 

0 

— 

IB 



WRITE CYCLE 2 ( E Controlled) (See Notes 1 , 2 and 3) 


Parameter 

Symbol 

-12 



Notes 

Std 

Alt 

IB 

uu 



Write Cycle Time 

tAVAV 

t W c3-3 

a 

B 


B 

ns 

4 

Address Setup Time 

tAVEL 


0 

— 

0 

— 



Address Valid to End of Write 

tAVEH 

■SSB 

IB 

— 

IB 

— 

IB 


Enable to End of Write 

tELEH. 
l ELWH . 

I 

8 

— 

10 

— 

ns 

9,10 

Data Valid to End of Write 

BOB! 

tDW 

6 

— 

7 

— 

IB 


Data Hold Time 

IBB 

tDH 

0 

- 

0 

— 

KSI 


Write Recovery Time 



0 

- 

0 

- 

IB 



N0TES: __ _ 

1 . A write occurs during the overlap of E low_and W low. 

2. For devices with multiple chip enables, El and E2 are represented_by E in this data sheet. E2 is of opposite polarity to E. 

3. For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

4. All timings are referenced fromjhe last valid address to the first transitioning address. 

5. For Output Enable devices, if G > Vj|_|, the output will remain in a high-impedance state. 

6. At any given voltage and temperature, twLQG max < tyVHQX min > both for a given device and from device to device. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

8. This parameter is sampled and not 100% tested. 

9. If E goes low coincident with or after W goes low, the output will remain in a high-impedance state. 

10. If E goes high coincident with or before W goes high, the output will remain in a high-impedance state. 
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A (ADDRESS) 

E (CHIP ENABLE) 
W (WRITE ENABLE) 


WRITE CYCLE 1 (See Note 2) 

1 AVAV 






I \ 

k— t avwl — ► 


xxxxxxxxx 



♦ 1 WLQZ -*i 


* DVWH — 
DATA VALID 


Q (DATA OUT) 


A (ADDRESS) 

E (CHIP ENABLE) 

W (WRITE ENABLE) 

D (DATA IN) 
Q (DATA OUT) 


WRITE CYCLE 2 (See Note 2) 



t DVEH *-1- 

DATA VALID 


ORDERING INFORMATION (Order by Full Part Number) 
MCM 6290 X XX XX 


Motorola Memory Prefix 
Part Number - 


■ Shipping Method (R2 = Tape & Reel, Blank = Rails) 
- Speed (12 = 12 ns, 15 = 15 ns) 


Package (P = 300-mil Plastic DIP, J = 300-mil SOJ) 

Full Part Numbers— MCM6290P1 2 MCM6290J12 MCM6290J12R2 

MCM6290P15 MCM6290J15 MCM6290J15R2 




MOTOROLA 

M SEMICONDUCTOR 

TECHNICAL DATA 


16K x4 Bit Static RAM 
With Output Enable 

The MCM6290C (with OE) is a 65,536 bit static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. Static design eliminates the need for external clocks or timing strobes, while 
CMOS circuitry reduces power consumption for greater reliability. 

The chip enable (E) pin is not a clock. In less than a cycle time after E goes high, the 
part enters a low-power standby mode, remaining in that state until E goes low again. 

This feature reduces system power requirements without degrading access time 
performance. 

The MCM6290C has both chip enable (E) and output enable (G) inputs, allowing 
greater system flexibility. Either input, when high, will force the outputs to high impedance. 

• Single 5 V ±1 0% Power Supply 

• Low Power Operation: 120 mA Maximum, Active ac 

• Fully Static — No Clock or Timing Strobes Necessary 

• Fast Access Times: 10, 12, 15, 20, 25, 35 ns 

• Two Chip Controls: E for Automatic Power Down 

G for Fast Access to Data and Elimination of Bus Contention 
Problems 

• Fully TTL Compatible — Three-State Data Output 


BLOCK DIAGRAM 



MCM6290C 



P PACKAGE 
300 MIL PLASTIC 
CASE 724A 


PIN ASSIGNMENTS 



PIN NAMES 

A0-A13 ... 

Address Input 

DQ0-DQ3 . 

. . Data Input/Data Output 

W 

Write Enable 

G 

Output Enable 

E 

Chip Enable 

NC 

No Connection 

v cc 

Power Supply (+ 5 V) 

v ss 

Ground 
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TRUTH TABLE 


E 

G 

W 

Mode 

Vcc Current 

I/O Pin 

H 

X 

X 

Not Selected 

•SBI > 'SB2 

High-Z 

L 

H 

H 

Output Disabled 

•CCA 

High-Z 

L 

L 

H 

Read 

•CCA 

D 0 ut 

L 

X 

L 

Write 

•CCA 

D in 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to + 7.0 V 

V 

Voltage Relative to Vqs For Any Pin 

Except Vqq 

VimVout 

- 0.5 to Vqq 
+ 0.5 

V 

Output Current 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias (T A = 25 ° c ) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°c 

Storage Temperature — Plastic 

Istg 

- 55 to + 1 25 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated volt- 
ages to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and 
ac specifications shown in the 
tables, afterthermal equilibrium has 
been established. The circuit is in a 
test socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C c = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

Vqq + 0.3** 

V 

Input Low Voltage 

V|L 

-0.5* 

— 

0.8 

V 


* Vj|_ (min) = - 0.5 V dc; Vjl (min) = - 2.0 V ac (pulse width < 20 ns) 

**V|h (max) = Vqq + 0.3 V dc; V|h (max) = Vqq + 2.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkfl(l) 

— 

± 1.0 

pA 

Output Leakage Current (E = V||_| or G = Vjh, V 0U { = 0 to Vqq) 

'lkfl(O) 

— 

± 1.0 

|iA 

Standby Current (E > Vqq - 0.2 V*, Vj n < V 55 + 0.2 V, 
or > Vqq - 0.2 V, VCC = MAX, f = 0 MHZ) 

'SB2 

— 

10 

mA 

Output Low Voltage (Iql = 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

— 

V 


POWER SUPPLY CURRENTS 


Parameter 

Symbol 

-10* 

-12* 

-15* 

-20* 

-25* 

-35* 

Units 

AC Supply Current (l out = 0 mA) 

•CCA 








Standby Current (TTL Levels, Vqq = Max) 

•SBI 

50 

45 

40 

35 

30 

30 

mA 


* All values represent maximum values 


MOTOROLA MEMORY DATA 


5-181 












MCM6290C 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Max 

Unit 

Address and Data Input Capacitance 

^in 

6 

pF 

Output Capacitance 

Gout 

7 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Notes 1 and 2) 


Parameters 

Symbol 

-10 

- 12 

-15 

-20 

- 25 , 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

10 

- 

12 

- 

15 

— 

20 

- 

25 

— 

35 

— 

ns 

3 

Address Access Time 

tAVQV 

tAA 

— 

10 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 


Enable Access Time 

tELQV 

tACS 

— 

10 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 

4 

Output Enable Access 

Time 

tGLQV 

tOE 

— 

5 

— 

6 

— 

8 

— 

10 

__ 

12 

— 

15 

ns 


Output Hold from Address 
Change 

*AXQX 

tOH 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

5,6,7 

Enable Low to Output 
Active 

tELQX 

tCLZ 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

5,6,7 

Enable High to Output 
High-Z 

tEHQZ 

tCHZ 

0 

5 

0 

6 

0 

8 

0 

8 

0 

10 

0 

15 

ns 

5,6,7 

Output Enable Low to 
Output Active 

*GLQX 

tOLZ 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

5,6,7 

Output Enable High to 
Output High-Z 

^HQZ 

tOHZ 

0 

5 

0 

6 

0 

7 

0 

8 

0 

10 

0 

15 

ns 

5,6,7 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tpD 

— 

10 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

ns 



NOTES: 1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 


W is high for read cycle. 

For devices with multiple chip enables, El and E2 are represented by E in this data sheet. E2 is of opposite polarity to E. 

All timings are referenced from the last valid address to the first transitioning address. 

Addresses valid prior to or coincident with E going low. 

At any given voltage and temperature, t^HOZ max is ,ess than tELQX (min), and tGHQZ (max) is less than tQLQX (min), both for a 
given device and from device to device. 

Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

This parameter is sampled and not 1 00% tested. 

Device is continuously selected (E = V||_, E2 = V|h, G = Vjl). 
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READ CYCLE 1 (See Note 8) 



t AV AV *■ 


A (ADDRESS) ^ 

z — ) 

cz 


!*• *AXQX ^ 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

OZXXX) 

^ DATA VALID 


1 

r l AVQV 




READ CYCLE 2 (See Notes 2 and 4) 




AC TEST LOADS 


Zg = 50 £2 

ir • i j* 

V L = 1.50 V 



i 


480 Q 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 


TIMING LIMITS 

The table of timing values shows either a mini- 
mum or a maximum limit for each parameter. In- 
put requirements are specified from the external 
system point of view. Thus, address setup time is 
shown as a minimum since the system must sup- 
ply at least that much time (even though most de- 
vices do not require it). On the other hand, 
responses from the memory are specified from 
the device point of view. Thus, the access time is 
shown as a maximum since the device never pro- 
vides data later than that time. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 , 2, and 3) 


Parameter 

Symbol 

-10 

-12 

-15 | -20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

*WC 

10 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

4 

Address Setup Time 

tAVWL 

*AS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of 
Write 

*AVWH 

*AW 

9 

— 

10 

— 

12 

— 

15 

— 

20 

— 

30 

— 

ns 


Write Pulse Width 

i i 

II 

t W p 

9 


10 

— 

12 

— 

15 

— 

20 

— 

30 

— 

ns 


Write Pulse Width, 

G High 

tWLWH- 

tWLEH 

t W p 

7 

— 

8 

— 

10 

— 

12 

— 

15 

— 

25 

— 

ns 

5 

Data Valid to End of 

Write 

toVWH 

tow 

5 

— 

6 

— 

7 

— 

8 

— 

10 

— 

15 

— 

ns 


Data Hold Time 

tWHDX 

toH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Low to Output 
High-Z 

tWLQZ 

*WZ 

0 

5 

0 

6 

0 

7 

0 

8 

0 

10 

0 

15 

ns 

6,7,8 

Write High to Output 
Active 

*WHQX 

tow 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

4 

— 

ns 

6,7,8 

Write Recovery Time 

tWHAX 

torn 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



WRITE CYCLE 2 (E Controlled, See Notes 1, 2, and 3) 


Parameter 

Symbol 

-10 

-12 

-15 

-20 

-25 

-35 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

*WC 

10 

— 

12 

— 

15 

— 

20 

— 

25 

— 

35 

— 

ns 

4 

Address Setup Time 

tAVEL 

*AS 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of 
Write 

tAVEH 

tAW 

8 

— 

8 

— 

12 

— 

15 

— 

20 

— 

25 

— 

ns 


Enable to End of Write 

toLEH- 

toLWH 

tow 

7 

— 

8 

— 

10 

— 

12 

— 

15 

— 

25 

— 

ns 

9,10 

Data Valid to End of 

Write 

toVEH 

tow 

5 

— 

6 

— 

7 

— 

8 

— 

10 

— 

15 

— 

ns 


Data Hold Time 

toHDX 

toH 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

*WR 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 1. 
2 . 

3. 

4. 

5. 

6 . 

7. 

8. 
9. 

10 . 


A write occurs during the overlap of E lovv and W low. 

For devices with multiple chip enables, El and E2 are represented_by E in this data sheet. E2 is of opposite polarity to E. 

For Output Enable devices, if G goes low coincident with or after W goes low, the output will remain in a high impedance state. 
All timings are referenced fromjhe last valid address to the first transitioning address. 

For Output Enable devices, if G > the output will remain in a high impedance state. 

At any given voltage and temperature, tyyLQZ max is less than tWHQX min > b °th for a 9 iven device and from device to device. 
Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

This parameter is sampled and not 100% tested. 

If E goes low coincident with or after W goes low, the output will remain in a high impedance state. 

If E goes high coincident with or before W goes high, the output will remain in a high impedance state. 
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MCM6290C 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 



WRITE CYCLE 1 (E Controlled, See Notes 1 and 2) 



Q (DATA OUT) 


HIGHZ 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6290C 

Motorola Memory Prefix 1 

Part Number 


X 


XX 


XX 

I Shipping Method (R2 = Tape and Reel, Blank = Rails) 


Speed (10 = 10 ns, 12 = 12 ns, 15 = 15 ns, 
20 = 20 ns, 25 = 25 ns, 35 = 35 ns) 

Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers: 

MCM6290CP12 

MCM6290CP15 

MCM6290CP20 

MCM6290CP25 

MCM6290CP35 


MCM6290CJ10 

MCM6290CJ12 

MCM6290CJ15 

MCM6290CJ20 

MCM6290CJ25 

MCM6290CJ35 


MCM6290CJ1 0R2 
MCM6290CJ1 2R2 
MCM6290CJ1 5R2 
MCM6290CJ20R2 
MCM6290CJ25R2 
MCM6290CJ35R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

32K x 8 Bit Static Random 
Access Memory 

The MCM6706 is a 262,144 bit static random access memory organized as 32,768 
words of 8 bits, fabricated using high-performance silicon-gate BiCMOS technology. 
Static design eliminates the need for external clocks or timing strobes. 

Output enable (G) is a special control feature that provides increased system flexibil- 
ity and eliminates bus contention problems. 

The MCM6706 is available in a 300-mil, 28-lead surface-mount SOJ package. 

• Single 5.0 V ±1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• All Inputs and Outputs are TTL-Compatible 

• Three-State Outputs 

• Fast Access Times: MCM6706 — 10 ns 

MCM6706 — 12 ns 


BLOCK DIAGRAM 



MCM6706 



J PACKAGE 
300-MIL SOJ 
CASE 81 OB 


PIN ASSIGNMENT 

A14 [ 

1 • 

28 

] V CC 

A12 [ 

2 

27 

] W 

A7[ 

3 

26 

] A13 

A6 [ 

4 

25 

] A8 

A5[ 

5 

24 

] A9 

A4 [ 

6 

23 

] All 

A3[ 

7 

22 

]G 

A2 [ 

8 

21 

] A10 

A1[ 

9 

20 

]s 

AO [ 

10 

19 

] DQ7 

DQO [ 

11 

18 

]DQ6 

DQ1 [ 

12 

17 

]DQ5 

DQ2 [ 

13 

16 

] DQ4 

v ssC 

14 

15 

] DQ3 


PIN NAMES 


A0-A14 Address 

W Write Enable 

S Chip Select 

G Output Enable 

DQ0-DQ7 Data Input/Output 

Vqc + 5.0 V Power Supply 

Vgs Ground 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6706 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 

This BiCMOS memory circuit has been 
designed to meet the dc and ac specifi- 
cations shown in the tables, after thermal 
equilibrium has been established. The 
circuit is in a test socket or mounted on 
a printed circuit board and transverse air 
flow of at least 500 linear feet per minute 
is maintained. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


TRUTH TABLE 


s 

G 

W 

Mode 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

High-Z 

— 

L 

H 

H 

Read 

High-Z 

— 

L 

L 

H 

Read 

D out 

Read Cycle 

L 

X 

L 

Write 

Din 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 

V 

Voltage Relative to Vqs for Any 

Pin Except Vqq 

Vin.V 0Ut 

- 0.5 to Vqq + 0.5 

V 

Output Current 

taut 

±30 

mA 

Power Dissipation 

PD 

2.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°c 

Storage Temperature — Plastic 

T stg 

-55 to +125 

°c 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

V C C + 0-3* 

V 

Input Low Voltage 

V|L 

-0.5** 

- 

0.8 

V 


*V )H (max) = Vqq + 0.3 V dc; V||_| (max) = + 2.0 V ac (pulse width < 2.0 ns) or I < 30 mA. 
**V||_ (min) = - 0.5 V dc; V|j_ (min) = - 2.0 V ac (pulse width < 2.0 ns) or I < 30 mA. 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikg(i) 

- 

±1.0 

pA 

Output Leakage Current (S = Vm, V ou t = 0 to Vqq) 

'lkg(O) 

— 

±1.0 

pA 

AC Supply Current (l ou t = 0 mA) MCM6706 -1 0; t A \/AV = 1 0 ns 

<CCA 

— 

185 

mA 

MCM6706 -12: t A y A y = 12 ns 

— 

175 


Output Low Voltage (Iql = 8.0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = - 4 0 mA ) 

V 0 H 

2.4 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Max 

Unit 

Address Input Capacitance 

c in 

5 

PF 

Control Pin Input Capacitance (S, G, W) 

Din 

6 

PF 

I/O Capacitance 

C|/0 

6 

PF 
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MCM6706 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A 

Input Rise/Fall Time 3 ns 

READ CYCLE (See Notes 1 and 2) 


Parameter 

Symbol 

MCM6706-10 

MCM6706-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

10 

— 

12 

- 

ns 

3 

Address Access Time 

tAVQV 

tAA 

- 

10 

- 

MM 



Chip Select Access Time 

tSLQV 

tACS 

- 


- 

mm 

ns 


Output Enable Access time 

tGLQV 

tQE 

— 

6 

- 

7 

ns 


Output Hold from Address Change 

tAXQX 


3 

- 

3 

- 

ns 


Chip Select Low to Output Active 

tSLQX 

t|_Z 

0 

- 

0 

- 

ns 

4,5,6 

Chip Select High to Output High-Z 

tSHQZ 

tHZ 

0 

5 

0 

6 

ns 

4,5,6 

Output Enable Low to Output Active 

tGLQX 

tLZ 

0 

- 

0 

- 

ns 

4,5,6 

Output Enable High to Output High-Z 

tGHQZ 

tHZ 

0 

5 

0 

6 

ns 

4,5,6 


NOTES: 

1 . W is high for read cycle. 

2. Product sensitivites to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All read cycle timing is referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, tsHQZ max < l SLQX min > and tGHQZ max < kaHQX min ’ both for a 9 iven device and from device to 
device. 

5. Transition is measured 500 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (S = V|j_, G^= V|i_). 

8. Addresses valid prior to or coincident with S going low. 


READ CYCLE 1 (See Note 7 Above) 



A (ADDRESS) 

S (CHIP SELECT) 

G (OUTPUT ENABLE) 

Q (DATA OUT) 


X 


READ CYCLE 2 (See Note 8 Above) 
*AVAV 




Y 


tSLQV ' 


Y 


tGLQX 


l SLQX 


tGLQV ‘ 


KZXXXX 


tAVQV ' 


£ 




DATA VALID 


l SHQZ 


tGHQZ 


MOTOROLA MEMORY DATA 


5-188 











MCM6706 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6706-10 

MCM6706-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

toVA V 

*WC 

10 

- 

12 

- 

ns 

3 

Address Setup Time 

l AVWL 

*AS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

toVWH 

l AW 

9 

- 

10 


ns 


Write Pulse Width 


t W p 

8 

— 

9 

— 

ns 


Data Valid to End of Write 

*DVWH 


5 

- 

6 

- 

ns 


Data Hold Time 



0 

- 

0 

- 

ns 


Write Low to Data High-Z 



0 

5 

0 

6 

ns 

Q 

Write High to Output Active 

tWHQX 

tow 

0 

- 

0 

- 

ns 

4,5,6 

Write Recovery Time 

tWHAX 

tWR 

0.5 

- 

0.5 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of S low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 

5. Parameter is sampled and not 100% tested. 

6. At any given voltage and temperature, tyvLQZ max is < *WHQX min both * or a 9 iven device and from device to device. 



► 5V 


OUTPUT- 


_L Z 0 = 50 Q ? 


R[_ = 50 n 


480 a 


255 Q 


V L = 1.50 V 


l 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 
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MCM6706 


WRITE CYCLE 2 (S Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6706-10 

MCM6706-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

twc 

10 

- 

12 

- 

ns 

3 

Address Setup Time 

tAVSL 

*AS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVSH 

*AW 

9 

- 

10 

- 

ns 


Chip Select to End of Write 

tSLWH- 

l SLSH 

tew 

8 

— 

9 

— 

ns 

4,5 

Data Valid to End of Write 

tDVSH 

tDW 

5 

- 

6 

- 

ns 


Data Hold Time 

fSHDX 

tDH 

0 

- 

0 

- 

ns 


Write Recovery Time 

*SHAX 

tWR 

0.5 

- 

0.5 

- 

ns 



N0TES: 

1 . A write occurs during the overlap of S low and W low. 

2. Product sensitivites to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All_write cycle timing is referenced from the last valid address to the first transitioning address. 

4. If S goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

5. If S goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 



« t AV AV * 

* 

A (ADDRESS) ^ 

( ; 

< 


t AV SH 



S (CHIP SELECT) 

t S LSH * 

\ 7 

/ — 


p l AVSL H 

l SLWH ^ 

7 


■j tgHAX 

W (WRITE ENABLE) 

\ 

/ 



* tDVSH H 

rr 

" tSHDX 

—XXXXXXXXXXXXXXXXX) 

^ DATA VALID yy 

XXXXT 


Q (DATA OUT) 


HIGH-Z 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of 
view. Thus, address setup time is shown 
as a minimum since the system must 
supply at least that much time (even 
though most devices do not require it). 
On the other hand, responses from the 
memory are specified from the device 
point of view. Thus, the access time is 
shown as a maximum since the device 
never provides data later than that time. 
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MCM6706 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

Shipping Method (R2 = Tape and Reel, Blank = Rails) 
Speed (10 = 10 ns, 12 = 12 ns) 

Package (J = 300-mil SOJ) 


MCM 6706 X XX XX 

_l ■ • ■ ■ 


Full Part Number— MCM6706J10 
MCM6706J12 


MCM6706J10R2 

MCM6706J12R2 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


Product Preview 

32K x 8 Bit Static Random 
Access Memory 

The MCM6706A is a 262,144 bit static random access memory organized as 32,768 
words of 8 bits, fabricated using high performance silicon-gate BiCMOS technology. 
Static design eliminates the need for external clocks or timing strobes. 

Output enable (G) is a special control feature that provides increased system flexibil- 
ity and eliminates bus contention problems. 

The MCM6706A is available in a 300 mil, 28 lead surface-mount SOJ package. 

• Single 5.0 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• All Inputs and Outputs are TTL Compatible 

• Three State Outputs 

• Fast Access Times: MCM6706A — 8 ns 

MCM6706A— 10 ns 
MCM6706A— 12 ns 


BLOCK DIAGRAM 



MCM6706A 



PIN ASSIGNMENT 

A14[ 

1 • 

28 

] V CC 

A12[ 

2 

27 

] W 

A7[ 

3 

26 

] A13 

A6[ 

4 

25 

] A8 

A5[ 

5 

24 

] A9 

A4 [ 

6 

23 

] All 

A3[ 

7 

22 

]5 

A2 [ 

8 

21 

] A10 

Alt 

9 

20 

]E 

AO [ 

10 

19 

] DQ7 

DQO [ 

11 

18 

] DQ6 

DQ1 [ 

12 

17 

] DQ5 

DQ2 [ 

13 

16 

]DQ4 

v SS C 

14 

15 

] DQ3 


PIN NAMES 


A0-A14 Address 

W Write Enable 

E Chip Enable 

G Output Enable 

DQ0-DQ7 Data Input/Output 

Vqq +5.0 V Power Supply 

V$s Ground 


This document contains information on a new product Specifications and information herein are subject to change without notice. 
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TRUTH TABLE 


E 

G 

W 

Mode 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

High-Z 

_ 

L 

H 

H 

Read 

High-Z 

— 

L 

L 

H 

Read 

D out 

Read Cycle 

L 

X 

L 

Write 

D in 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 

V 

Voltage Relative to Vqs for Any 

Pin Except Vqq 

< 

3 

< 

O 

C 

-0.5 to Vqq+0.5 

V 

Output Current 

•out 

±30 

mA 

Power Dissipation 

PD 

2.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature — Plastic 

T stg 

-55 to +125 

°C 


NOTE: Permanent device damage mayoccurif ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. 

This BiCMOS memory circuit has been 
designed to meet the dc and ac specifi- 
cations shown in the tables, after thermal 
equilibrium has been established. The 
circuit is in a test socket or mounted on 
a printed circuit board and transverse air 
flow of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

Vqq+0.3* 

V 

Input Low Voltage 

V|L 

-1 

- 

0.8 

V 


*V||_| (max) = Vqq +0.3 V dc; V||_j (max) = +2.0 V ac (pulse width < 2.0 ns) for I < 20 mA. 
**V|i_ (min) = -1 V dc @ 30 mA; Vjl (min) = -2.0 V ac (pulse width < 2.0 ns). 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

pA 

Output Leakage Current (E = V||_|, V out = 0 to Vqq) 

'lkg(O) 

- 

±1.0 

pA 

AC Supply Current (l ou t = 0 mA) MCM6706A -8: t A \/AV = 8 ns 

<CCA 

— 

185 

mA 

MCM6706A -10: t/\VAV = 10 ns 


— 

175 


MCM6706A -1 2: t A \/AV = 1 2 ns 


- 

175 


Output Low Voltage (Iql = 8.0 mA) 

v OL 

- 

0.4 

V 

Output High Voltage (Iqh = -4.0 mA ) 

v OH 

2.4 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Max 

Unit 

Address Input Capacitance 

Djn 

6 

PF 

Control Pin Input Capacitance (E, G, W) 

c in 

8 

pF 

I/O Capacitance 

c l/0 

8 

PF 
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M CM 6706 A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A 


Input Rise/Fall Time 3 ns 

READ CYCLE (See Notes 1 and 2) 




1 . W is high for read cycle. 

2. Product sensitivites to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All read cycle timing is referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, tgnOZ max < *ELQX min > ancl tGHQZ max < *GHQX min > both for a 9 iven device and from device to 
device. 

5. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E = Vjl, Vjl). 

8. Addresses valid prior to or coincident with E going low. 

READ CYCLE 1 (See Note 7 Above) 


A (ADDRESS) 


Q (DATA OUT) 


READ CYCLE 2 (See Note 8 Above) 


A (ADDRESS) 


E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


Q (DATA OUT) 




MOTOROLA MEMORY DATA 


5-194 










MCM6706A 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6706A-8 

MCM6706A-10 

MCM6706A-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

8 

- 

10 

- 

12 

- 

ns 

3 

Address Setup Time 

*AVWL 

*AS 

0 

- 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH 

*AW 

8 

- 

9 

- 

10 


ns 


Write Pulse Width 

G High, G Low 

*WLWH- 

*WLEH 

t W p 

8 

" 

9 

“ 

9 

" 

ns 


Data Valid to End of Write 

iDVWH 

*DW 

4 

- 

5 

- 

6 

- 

ns 


Data Hold Time 

*WHDX 

l DH 

0 

- 

0 

- 

0 

- 

ns 


Write Low to Data High-Z 

*WLQZ 

l WZ 

0 

4 

0 

5 

0 

6 

ns 

4,5,6 

Write High to Output Active 

*WHQX 

*ow 

4 

- 

4 

- 

4 

- 

ns 

4,5,6 

Write Recovery Time 

tWHAX 

tWR 

0 

- 

0 

- 

0 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivites to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 

5. Parameter is sampled and not 1 00% tested. 

6. At any given voltage and temperature, tyvLQZ max is < tWHQX min both for a 9 iven device and from device to device. 



AC TEST LOADS 


OUTPUT- 


_L Z 0 = 50 Q > 


R L = 50 fi 


V L = 1.50 V 


+5 V 



480 ft 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6706A-8 

MCM6706A-10 

MCM6706A-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

fAVAV 

fwc 

8 

- 

10 

- 

12 

- 

ns 

3 

Address Setup Time 

fAVSL 

tAS 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

fAVEH 

*AW 

8 

— 

9 

— 

10 

— 

ns 


Chip Enable to End of Write 

fELWH- 

tELEH 

few 

6 

— 

7 

— 

9 

— 

ns 

4,5 

Data Valid to End of Write 

tDVEH 

fDW 

4 

- 

5 

- 

6 

- 

ns 


Data Hold Time 

l EHDX 

fDH 

0 

— 

0 

— 

0 

— 

ns 


Write Recovery Time 

*EHAX 

fWR 

0 

- 

0 

- 

0 

- 

ns 



NOTES: _ _ 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivites to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. Alh/vrite cycle timing is referenced from the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

5. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 



Q (DATA OUT) 

TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of 
view. Thus, address setup time is shown 
as a minimum since the system must 
supply at least that much time (even 
though most devices do not require it). 
On the other hand, responses from the 
memory are specified from the device 
point of view. Thus, the access time is 
shown as a maximum since the device 
never provides data later than that time. 
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MCM6706A 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 



6706A X 


XX XX 


Shipping Method (R2 = Tape and Reel, Blank = Rails) 
Speed (8 = 8 ns, 10 = 10 ns) 

Package (J = 300 mil SOJ) 


Full Part Number — MCM6706AJ8 
MCM6706AJ10 
MCM6706AJ12 


MCM6706AJ8R2 
MCM6706AJ1 0R2 
MCM6706AJ1 2R2 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6708 

MCM6709 


Advanced Information 

64K x 4 Bit Static RAM 

The MCM6708 and the MCM6709 are 262,144 bit static random access 
memories organized as 65,536 words of 4 bits, fabricated using high-performance 
silicon-gate BICMOS technology. Static design eliminates the need for external 
clocks or timing strobes. 

Output enable, (G), a special control feature of the MCM6709, provides increased 
system flexibility and eliminates bus contention problems. 

The MCM6708 is available in a 300-mil, 24-lead plastic surface-mount SOJ 
package. The MCM6709 is available in a 300-mil, 28-lead plastic surface-mount SOJ 
package. 

• Single 5 V ± 1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• All Inputs and Outputs are TTL-Compatible 

• Three-State Outputs 

• Fast Access Times: 

MCM6708 — 1 0 ns MCM6709 — 1 0 ns 

MCM6708 — 1 2 ns MCM6709 — 1 2 ns 

BLOCK DIAGRAM 



MEMORY MATRIX 
256 ROWS x 256x4 
COLUMNS 


COLUMN I/O 


COLUMN DECODER 




(MCM6709ONLY) 


53 - 




PIN NAMES | 

A0-A15 

Address Inputs 

W 

Write Enable 

G 

Output Enable 

S 

Chip Select 

DQ0-DQ3 .... 

— Data Input/Output 

v cc 

+ 5 V Power Supply 

v ss 

Ground 

NC 

No Connect 


All power supply and ground pins must be connected for proper operation of the device. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6708*MCM6709 


TRUTH TABLE 


s 

G 

W 

Mode 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

High-Z 

- 

L 

H 

H 

Read 

High-Z 

— 

L 

L 

H 

Read 

D out 

Read Cycle 

L 

X 

L 

Write 

Din 

Write Cycle 


X = Don’t Care 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high-impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

vcc 

- 0.5 to 7.0 

V 

Voltage Relative to V$s 
(For Any Pin Except Vqq) 

V in . V out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

*out 

+ 30 

mA 

Power Dissipation 

P D 

2.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature — Plastic 

T stg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This BICMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

- 

Vqq + 0.3* 

V 

Input Low Voltage 

V|L 

- 0.5** 

- 

0.8 

V 


*V|h (max) = Vqq + 0.3 V dc; V||_j (max) = Vqq + 2 V ac (pulse width < 2 ns) or I < 30 mA. 
**V|l (min) = - 0.5 V dc; V|(_ (min) = - 2 V ac (pulse width < 2 ns) or I < 30 mA. 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lKg(i) 

- 

±1 

pA 

Output Leakage Current (S = Vm, V ou t = 0 to Vqq) 

'lkg(O) 

- 

±1 

pA 

AC Supply Current (l 0U f = 0 mA) MCM6708-1 0/MCM6709-1 0: t A \/AV = 1 0 ns 

MCM6708-1 2/MCM6709-1 2: t AVA v = 1 2 ns 

>CC 

_ 

175 

165 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

2.4 

— 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Max 

Unit 

Address Input Capacitance 

Djn 

5 

pF 

Control Pin Input Capacitance (S, G. W) 

Djn 

6 

PF 

Input/Output Capacitance 

D|/0 

6 

PF 
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MCM6708»MCM6709 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A 

Input Rise/Fall Time 3 ns 


READ CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

MCM6708-10 

MCM6709-10 

MCM6708-12 

MCM6709-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

10 

— 

12 

— 

ns 

3 

Address Access Time 

tAVQV 

tAA 

- 

10 

- 

12 

ns 


Chip Select Access Time 

tSLQV 

tACS 

— 

10 

- 

12 

ns 


Output Enable Access Time 

fGLQV 

tOE 

- 

6 

- 

7 

ns 


Output Hold from Address Change 

tAXQX 

tOH 

3 

— 

3 

— 

ns 


Chip Select Low to Output Active 

*SLQX 

tLZ 

0 

__ 

0 

— 

ns 

4, 5,6 

Output Enable Low to Output Active 

tGLQX 

tLZ 

0 

— 

0 

— 

ns 

4, 5,6 

Chip Select High to Output High-Z 

tSHQZ 

tHZ 

0 

5 

0 

6 

ns 

4, 5,6 

Output Enable High to Output High-Z 

tGHQZ 

tHZ 

0 

5 

0 

6 

ns 

4, 5,6 


NOTES: 

1 . W is high for read cycle. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 


conditions during read and write cycles. 

3. All read cycle timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, t$HQZ max is ,ess than tsLQX m ' n > ancl tGHQZ max *s l ess than tQHQX min, both for a given device and 
from device to device. 

5. Transition is measured 500 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 1 00% tested. 


READ CYCLE 1 (See Note) 
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MCM6708»MCM6709 


A (ADDRESS) 


S (CHIP SELECT) 


G (OUTPUT ENABLE) 


Q (DATA OUT) - 


READ CYCLE 2 (See Note) 
tAVAV 


1 


1 


l SLQV “ 


{ SLQX“ 


\ 


' tGLQX- 


l GLQV- 




l AVQV - 


I 


f 


DATA VALID 


l SHQZ 


^GHQZ 


NOTE: Addresses valid prior to or coincident with S going low. 


AC TEST LOADS 


R l = 50 Q. 



TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 
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MCM6708-MCM6709 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6708-10 

MCM6709-10 

MCM6708-1 2 
MCM6709-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

*WC 

10 

- 

12 

- 

ns 

3 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

- 

ns 


Address Valid to End of Write 

*AVWH 

*AW 

9 

— 

10 

- 

ns 


Write Pulse Width 

*WLWH 

tWLSH 

twp 

8 

— 

9 

— 

ns 


Data Valid to End of Write 

toVWH 

tow 

5 

- 

6 

- 

ns 


Data Hold Time 

*WHDX 

toH 

0 

- 

0 

- 

ns 


Write Low to Data High-Z 

tWLQZ 

*wz 

0 

5 

0 

6 

ns 

4, 5,6 

Write High to Output Active 

tWHQX 

tow 

0 

- 

0 

- 

ns 

4, 5,6 

Write Recovery Time 

tWHAX 

*WR 

0.5 

- 

0.5 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of S low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All write cycle timing is referenced from the last valid address to the first transitioning address. 

4. Transition is measured 500 mV from steady-state voltage with load of Figure t B. 

5. This parameter is sampled and not 100% tested. 

6. At any given voltage and temperature, twi_Qz max * s l ess th an tyVHQX m ' n f° r a Qiven device and from device to device. 


WRITE CYCLE 1 
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WRITE CYCLE 2 (S Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6708-10 

MCM6709-10 

MCM6708-12 

MCM6709-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

10 

- 

12 

- 

ns 

3 

Address Setup Time 

tAVSL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVSH 


9 

— 

10 

— 

ns 


Chip Select to End of Write 

*SLSH 

tSLWH 

tew 

8 

— 

9 

— 

ns 

4,5 

Data Valid to End of Write 

*DVSH 

tDW 

5 

- 

6 

— 



Data Hold Time 

tSHDX 

tDH 

0 

- 

0 

- 

ns 


Write Recovery Time 

tSHAX 

tWR 

0.5 

- 

0.5 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of S low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus 
contention conditions during read and write cycles. 

3. Alhwrite cycle timing is referenced from the last valid address to the first transitioning address. 

4. If S goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

5. If S goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 


WRITE CYCLE 2 



ORDERING INFORMATION 
(Order by Full Part Number) 


6708 



MCM6709J10 MCM6709J10R2 

MCM6709J12 MCM6709J12R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

64K x 4 Bit Static RAM 

The MCM6708A and the MCM6709A are 262,144 bit static random access 
memories organized as 65,536 words of 4 bits, fabricated using high-performance 
silicon-gate BICMOS technology. Static design eliminates the need for external 
clocks or timing strobes. 

Output enable, (G), a special control feature of the MCM6709A, provides 
increased system flexibility and eliminates bus contention problems. 

The MCM6708A is available in a 300 mil, 24 lead plastic surface-mount SOJ 
package. The MCM6709A is available in a 300 mil, 28 lead plastic surface-mount 
SOJ package. 

• Single 5 V ± 1 0% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• All Inputs and Outputs are TTL Compatible 

• Three State Outputs 

• Fast Access Times: 

MCM6708A — 8 ns MCM6709A— 8 ns 

MCM6708A — 1 0 ns MCM6709A — 1 0 ns 

MCM6708A — 1 2 ns MCM6709A — 1 2 ns 

BLOCK DIAGRAM 


A - 
A ■ 
A - 
A ■ 
A - 
A - 
A- 
A- 

DQO - 


DQ3 - 












• 



ROW 



^=j 

DECODER 

• 






^ — 






— 



MEMORY MATRIX 
256 ROWS x 256x4 
COLUMNS 


■fcrl 


"fen 


INPUT 

DATA 

CONTROL 


COLUMN I/O 


COLUMN DECODER 




A A 



W — 

G — 

(MCM6709A ONLY) 




<h 


PIN NAMES | 

A0-A15 

Address Inputs 

W 

Write Enable 

G 

Output Enable 

E 

Chip Select 

DQ0-DQ3 .... 

Data Input/Output 

Vcc 

+5 V Power Supply 

v ss 

Ground 

NC 

No Connect 


MCM6708A 

MCM6709A 


MCM6708A 



CASE 81 0A 

MCM6709A 



J PACKAGE 
300 MIL SOJ 
CASE 81 0B 


PIN ASSIGNMENT 1 


MCM6708A 


AO [ 

1 • 

24 

] V CC 

Alt 

2 

23 

] A15 

A2 [ 

3 

22 

] A14 

A3 [ 

4 

21 

] A13 

A4 [ 

5 

20 

] A12 

A5 [ 

6 

19 

] All 

A6 [ 

7 

18 

] A10 

A7 [ 

8 

17 

] DQO 

A8 [ 

9 

16 

] DQ1 

A9 [ 

10 

15 

] DQ2 

e[ 

11 

14 

] DQ3 

Vssl 

12 

13 

] w 


MCM6709A 


NC [ 

1 • 

28 

] V CC 

AO [ 

2 

27 

] A15 

A1 [ 

3 

26 

] A14 

A2 [ 

4 

25 

] A13 

A3 [ 

5 

24 

] A12 

A4 [ 

6 

23 

] All 

A5 [ 

7 

22 

] A10 

A6 [ 

8 

21 

] NC 

A7 [ 

9 

20 

] NC 

A8 [ 

10 

19 

] DQO 

A9 [ 

11 

18 

] DQ1 

e[ 

12 

17 

] DQ2 

g[ 

13 

16 

] DQ3 

v ss [ 

am 

15 

] W 


All power supply and ground pins must be connected for proper operation of the device. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM6708A-MCM6709A 


TRUTH TABLE 


E 

G 

W 

Mode 

I/O Pin 

Cycle 

H 

X 

X 

Not Selected 

High-Z 

- 

L 

H 

H 

Read 

High-Z 

— 

L 

L 

H 

Read 

Dout 

Read Cycle 

L 

X 

L 

Write 

Din 

Write Cycle 


X = Don’t Care 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Voltage Relative to V$s 
(For Any Pin Except Vqq) 

Vin-Vout 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±30 

mA 

Power Dissipation 

PD 

2.0 

W 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature — Plastic 

T stg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high impedence circuit. 

This BICMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is in a test 
socket or mounted on a printed 
circuit board and transverse air flow 
of at least 500 linear feet per minute 
is maintained. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V IH 

2.2 

- 

CO 

d 

+ 

O 

o 

> 

V 

Input Low Voltage 

V|L 

-0.5** 

- 

0.8 

V 


*V|n (max) = Vqq + 0.3 V dc; V|h (max) = Vqq + 2 V ac (pulse width < 2 ns) for I < 20 mA. 
(min) = - 1 V dc @ 30 mA; V||_ (min) = - 2 V ac (pulse width < 2 ns). 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikg(l) 

- 

±1 

pA 

Output Leakage Current (E = V|h, V out = 0 to Vqq) 

'lkg(O) 

- 

±1 

pA 

AC Supply Current (l ou t = 0 mA) 

MCM6708-1 0/MCM6709-8: t AVA v = 8 ns 

'cc 

— 

185 

mA 


MCM6708-1 0/MCM6709-1 0: t AVA v = 10 ns 

— 

175 



MCM6708-1 2/MCM6709-1 2; t A y A v = 12 ns 


— 

165 


Output Low Voltage (Iql = + 8.0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2 - 4 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Max 

Unit 

Address Input Capacitance 

Din 

6 

PF 

Control Pin Input Capacitance (E, G. W) 

Djn 

8 

PF 

Input/Output Capacitance 

D|/0 

8 

PF 
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MCM6708A»MCM6709A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A 

Input Rise/Fall Time 3 ns 


READ CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

MCM6708A-8 

MCM6709A-8 

MCM6708A-10 

MCM6709A-10 

MCM6708A-12 

MCM6709A-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

l AVAV 

tRC 

8 

- 

10 

— 

12 

- 

ns 

3 

Address Access Time 


*AA 

— 

8 

— 

10 

— 

12 

ns 


Chip Enable Access Time 

*ELQV 

l ACS 

- 

8 

- 

10 

- 




Output Enable Access Time 

tGLQV 

tOE 

- 

4 

- 

5 

- 

7 

ns 


Output Hold from Address Change 

tAXQX 


4 

— 

4 

— 

4 

— 



Chip Enable Low to Output Active 


tLZ 

4 

— 

4 

— 

4 

- 

ns 


Output Enable Low to Output Ac- 
tive 

tGLQX 



H 

H 

H 


B 


W 

Chip Enable High to Output High-Z 

tEHQZ 


0 

4 


5 

0 

6 

ns 

mm 

Output Enable High to Output 
High-Z 

*GHQZ 

tHZ 

0 

4 

0 

5 

0 

6 

ns 

4, 5,6 


NOTES: 

1 . W is high for read cycle. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All read cycle timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, t£HQZ max is less than fELQX mm > and *GHQZ max is less than teHQX min > both for a given device and 
from device to device. 

5. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 


READ CYCLE 1 (See Note) 
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M C M6708A • M C M6709 A 


A (ADDRESS) 


E (CHIP ENABLE) 


G (OUTPUT ENABLE) 


Q (DATA OUT)- 


X 


READ CYCLE 2 (See Note) 

t A VAV 


1 


tELQV - 


l ELQX~ 


TL 


’ { GLQX- 


^LQV- 

KSM 


^VQV - 


f 


J 


DATA VALID 


tEHQZ 


l GHQZ 


NOTE: Addresses valid prior to or coincident with E going low. 


AC TEST LOADS 

R|_= 50 Q 

OUTPUT L H) 

-£ z 0 = 5on 

V L = 1.5 V 

Figure 1A 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6708A-8 

MCM6709A-8 

MCM6708A-10 

MCM6709A-10 

MCM6708A-12 

MCM6709A-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

8 

- 

10 

- 

12 

- 

ns 

3 

Address Setup Time 

tAVWL 

*AS 

0 

— 

0 

— 

0 

- 

ns 


Address Valid to End of Write 

*AVWH 

*AW 

8 

— 

9 

— 

10 

- 

ns 


Write Pulse Width 

G High, G Low. 

tWLWH 

tWLEH 

t W p 

8 

— 

9 

— 

9 

— 

ns 


Data Valid to End of Write 

toVWH 

tow 

4 

- 

5 

- 

6 

- 

ns 


Data Hold Time 

tWHDX 


0 

- 

0 

- 

0 

- 

ns 


Write Low to Data High-Z 

tWLQZ 

l WZ 

0 

4 

0 

5 

0 

6 



Write High to Output Active 

tWHQX 


4 

— 

4 

— 

4 

- 


pa 

Write Recovery Time 



0 

— 

0 


0 

- 

1231 



N0TES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 
conditions during read and write cycles. 

3. All write cycle timing is referenced from the last valid address to the first transitioning address. 

4. Transition is measured 500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. At any given voltage and temperature, twLQZ max is less than *WHQX min both f° r a 9 iven device and from device to device. 


WRITE CYCLE 1 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM6708A-8 

MCM6709A-8 

MCM6708A-10 

MCM6709A-10 

MCM6708A-1 2 
MCM6709A-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

8 

— 

10 

- 

12 

— 

ns 

3 

Address Setup Time 

*AVEL 

*AS 

0 

— 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

*AVEH 

*AW 

8 

- 

9 

— 

10 

- 

ns 


Chip Enable to End of Write 

tELEH 

tELWH 

tew 

6 

— 

7 

— 

9 

— 

ns 

4,5 

Data Valid to End of Write 

tDVEH 

*DW 

4 

— 

5 

— 

6 

— 

ns 


Data Hold Time 

*EHDX 

*DH 

0 

- 

0 

- 

0 

- 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

- 

0 

— 

0 

- 

ns 



N° TES: 

1 . A write occurs during the overlap of E low and W low. 

2. Product sensitivities to noise require proper grounding and decoupling of power supplies as well as minimization or elimination of bus contention 


conditions during read and write cycles. 

3. Alhvrite cycle timing is referenced from the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

5. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 


WRITE CYCLE 2 




MCM 

Motorola Memory Prefix 

Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


6708A 
6709A x 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Speed (8=8ns, 10=1 Ons, 12 = 12ns) 


Package (J = Plastic SOJ) 


Full Part Numbers: MCM6708AJ8 
MCM6708AJ10 
MCM6708AJ12 

MCM6709AJ8 

MCM6709AJ10 

MCM6709AJ12 


MCM6708AJ8R2 
MCM6708AJ1 0R2 
MCM6708AJ1 2R2 

MCM6709AJ8R2 
MCM6709AJ1 0R2 
MCM6709AJ1 2R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

128K x 8 Bit Fast Static Random 
Access Memory 

The MCM6726 is a 1 ,048,576 bit static random access memory organized as 
131 ,072 x 8 bits. This device is fabricated using high-performance silicon-gate 
BiCMOS technology. Static design eliminates the need for external clocks or timing 
strobes. 

Output enable (G) is a special control feature that provides increased system flexibil- 
ity and eliminates bus contention problems. 

This device meets JEDEC standards for functionality and revolutionary pinout, and is 
available in a 400-mil plastic small-outline J-leaded package. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• All Inputs and Outputs Are TTL-Compatible 

• Three-State Outputs 

• Fast Access Times: 10, 12 ns 

• Center Power and I/O Pins for Reduced Noise 


BLOCK DIAGRAM 



MCM6726 



PIN ASSIGNMENT 

A [ 


32 

DA 

A [ 

2 

31 

DA 

A [ 

3 

30 

P A 

A [ 

4 

29 

PA 

EC 

5 

28 

P G 

DQO [ 

6 

27 

] DQ7 

DQ1 [ 

7 

26 

] DQ6 

v cct 

8 

25 

3 V SS 

v ssC 

9 

24 

3 V CC 

DQ2 [ 

10 

23 

] DQ5 

DQ3 [ 

11 

22 

] DQ4 

W[ 

1 

12 

21 

] A 

A t 

13 

20 

] A 

aC 

14 

19 

] A 

A [ 

15 

18 

] A 

aC 

16 

17 

] A 


PIN NAMES 


A0-A16 Address Input 

E Chip Enable 

W Write Enable 

G Output Enable 

DQ0-DQ7 Data Input/Output 

Vqq +5V Power Supply 

Vgs Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE (X = Don’t Care) 


E 

G 

W 

Mode 

Vqc Current 

Output 

Cycle 

H 

X 

X 

Not Selected 

>SB1 > ! SB2 

High-Z 

— 

L 

H 

H 

Output Disabled 

<CCA 

High-Z 

— 

L 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

!S£4 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to +7.0 

V 

Voltage Relative to V$s for Any Pin Except 
V CC 

"5 

o 

> 

c 

> 

-0.5 to Vqq + 0.5 

V 

Output Current 

'out 

±30 

mA 

Power Dissipation 

Pd 

1.2 

W 

Temperature Under Bias (T A = 25°C) 

T bias 

-1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature — Plastic 

Istg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to these high-impe- 
dance circuits. 

This BiCMOS memory circuit has been 
designed to meet the dc and ac specifica- 
tions shown in the tables, after thermal equi- 
librium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0 to +70°C, Unless Otherwise Noted) 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

5.0 

4.5 

5.5 

V 

Input High Voltage 

V|H 

— 

2.2 

Vqc + 0.3* 

V 

Input Low Voltage 

V| L 

— 

- 0.5** 

0.8 

V 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lka(l) 

— 

— 

±1.0 

pA 

Output Leakage Current (E = Vm, V out = 0 to Vqq) 

'lka(O) 

— 

— 

±1.0 

pA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

— 

2.4 

— 

V 


*V||_| (max) = Vqq + 0.3 V dc; V|h (max) = Vqq + 2 V ac (pulse width < 20 ns) for I < 20.0 mA. 
**V|i (min) = - 0.5 V dc; Vjl (min) = - 2.0 V ac (pulse width < 20 ns) for I < 20.0 mA. 


DC CHARACTERISTICS 


Parameter 

Symbol 

-10 

-12 

Unit 

AC Active Supply Current (l ou t = 0 mA) (Vqq = max, f = f m ax) 

>CCA 

175 

165 

mA 

Active Quiescent Current (E = V|(_, Vqq = max, f = 0 MHz) 

*CC2 

100 

100 

mA 

AC Standby Current (E = V||-|, Vqq = max, f = f ma x) 

'SB1 

35 

30 

mA 

CMOS Standby Current (Vqq = max, f = 0 MHz, E > Vqq - 0.2 V, 

Vjn - V SS + 8-2 V, or > Vqq - 0.2 V) 

'SB2 

12 

12 

mA 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Parameter 

m 

Typ 

Max 


Address and Data Input Capacitance 

C in 

— 

6 

mm 

Control Pin Input Capacitance 

c in 

— 

6 

PF 

Output Capacitance 


— 

8 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T A = 0to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A 

Input Rise/Fall Time 2 ns 

READ CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

lAVAV 

tRC 

10 

— 

12 

__ 

ns 

3 

Address Access Time 

*AVQV 

tAA 

— 

10 

— 

12 

ns 


Enable Access Time 

*ELQV 

tACS 

— 

10 

— 

12 

ns 


Output Enable Access Time 

tGLQV 

tOE 

— 

5 

— 

6 

ns 


Output Hold from Address Change 

tAXQX 

tOH 

3 

— 

3 

— 

ns 


Enable Low to Output Active 

tELQX 

tCLZ 

3 

— 

3 

— 

ns 

4,5,6 

Output Enable Low to Output Active 

tGLQX 

l OLZ 

0 

— 

0 

— 

ns 

4,5,6 

Enable High to Output High-Z 

tEHQZ 

l CHZ 

0 

5 

0 

6 

ns 

4,5,6 

Output Enable High to Output High-Z 

( ghqz 

tQHZ 

0 

5 

0 

6 

ns. 

4,5,6 


NOTES: 1 . W is high for read cycle. 

2. For common I/O applications, minimization or elimination of bus contention conditions is necessary during read and write cycles. 

3. All read cycle timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, tgj-jQz max < tELQX min > anc * tGHQZ max < tGHQX min, both for a given 
device and from device to device. 

5. Transition is measured ± 200 mV from steady-state voltage with load of Figure IB. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E = V|j_, G^= V||_). 

8. Addresses valid prior to or coincident with E going low. 


READ CYCLE 1 (See Note 7) 



*• { AVAV *■ 


A (ADDRESS) \ 

C ) 

CZ 


\* t A XQX H 

1 I 


Q (DATA OUT) PREVIOUS DATA VALID ^ 

wmm 

^ DATA VALID 


l AVQV 


READ CYCLE 2 (See Note 8) 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*wc 

10 

— 

12 

_ 

ns 

3 

Address Setup Time 

tAVWL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVWH 

tAW 

6 

— 

7 

— 

ns 


Write Pulse Width 

tWLWH 

tyVLEH 

twp 

twp 

7 

— 

8 

— 

ns 


Write Pulse Width, G High 

*WLWH 

*WLEH 

twp 

twp 

6 

— 

7 

— 

ns 


Data Valid to End of Write 

tDVWH 

*DW 

5 

— 

6 

— 

ns 


Data Hold Time 

tWHDX 

tDH 

0 

— 

0 

— 

ns 


Write Low to Data High-Z 

tWLQZ 

l WZ 

0 

5 

0 

6 

ns 

4,5,6 

Write High to Output Active 

*WHQX 

tow 

4 

— 

4 

— 

ns 

4,5,6 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. For common I/O applications, minimization or elimination of bus contention conditions is necessary during read and write cycles. 

3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured ± 200 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 1 00% tested. 

6. At any given voltage and temperature, \yj\_Qz max < tyvHQX min both for a 9 iven device and from device to device. 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

•10 ^ 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

10 

— 

12 

_ 

ns 

3 

Address Setup Time 

tAVEL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

7 

— 

8 

— 

ns 


Enable to End of Write 

tELEH 

tew 

7 

— 

8 

— 

ns 

4,5 

Enable to End of Write 

tELWH 

tew 

7 

— 

8 

— 

ns 

4,5 

Data Valid to End of Write 

tDVEH 

tDW 

5 

— 

6 

— 

ns 


Data Hold Time 

*EHDX 

tDH 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. For common I/O applications, minimization or elimination of bus contention conditions is necessary during read and write cycles. 

3. All_write cycle timings are referenced Jrom the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

5. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 


AC TEST LOADS 


TIMING LIMITS 


OUTPUT C 


f 


JL z 0 = 50 a 




R L = 50 Q 


V L = 1.5 V 


Figure 1A 



480 a 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure IB 


The table of timing values shows either 
a minimum or a maximum limit for each pa- 
rameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a maxi- 
mum since the device never provides data 
later than that time. 
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WRITE CYCLE 1 



WRITE CYCLE 2 



Q (DATA OUT) 


HIGH Z 


Motorola Memory Prefix 
Part Number — 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6726 WJ XX XX 

— ^ I Shipping Method (R2 = Tape and Reel, Blank = Rails) 

Speed (1 0 = 1 0 ns, 1 2 = 1 2 ns) 

Package (WJ = 400-mil SOJ) 


Full Part Number— MCM6726WJ10 MCM6726WJ12 

MCM6726WJ1 0R2 MCM6726WJ12R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

1 M x 1 Bit Fast Static Random 
Access Memory 

The MCM6727 is a 1 ,048,576 bit static random access memory organized as 
1 ,048,576 x 1 bits. This device is fabricated using high-performance silicon-gate 
BiCMOS technology. Static design eliminates the need for external clocks or timing 
strobes. 

This device meets JEDEC standards for functionality and revolutionary pinout, and is 
available in a 400-mil plastic small-outline J-leaded package. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• All Inputs and Outputs Are TTL Compatible 

• Three State Outputs 

• Fast Access Times: 10, 12 ns 

• Center Power and I/O Pins for Reduced Noise 


BLOCK DIAGRAM 



MCM6727 



WJ PACKAGE 
400-MIL SOJ 
CASE 810 


PIN ASSIGNMENT 


A [ 

1* 

28 

aC 

2 

27 3 

AC 

3 

26 3 

AC 

4 

25 3 

AC 

5 

24 3 

EC 

6 

23 3 

VccC 

7 

22 3 

v ssE 

8 

21 3 

DC 

9 

20 3 

WC 

10 

19 3 

AC 

11 

18 3 

AC 

12 

17 3 

AC 

13 

16 3 

AC 

14 

15 3 


PIN NAMES | 

A0-A19 .. 

Address Input 

E 

Chip Enable 

W 

Write Enable 

D 

Data Input 

Q 

Data Output 

v cc 

+ 5 V Power Supply 

v ss 

Ground 



This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE (X = Don’t Care) 


E 

W 

Mode 

Vqq Current 

Output 

Cycle 

H 

X 

Not Selected 

*SB1> >SB2 

High-Z 

— 

L 

H 

Read 

>CCA 

Dout 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to +7.0 

V 

Voltage Relative to V$s tor Any Pin Except 

Vcc 

Vin.Vout 

-0.5 to Vqq + 0.5 

V 

Output Current 

•out 

±30 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias (T A = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°c 

Storage Temperature— Plastic 

Istg 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to these high-impe- 
dance circuits. 

This BiCMOS memory circuit has been 
designed to meet the dc and ac specifica- 
tions shown in the tables, after thermal equi- 
librium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Voc = 5.0 V ±1 0%, T A = 0to +70°C, Unless Otherwise Noted) 


Parameter 

Symbol 

Typ 

Min 

Max 

BOB 

Supply Voltage (Operating Voltage Range) 

V CC 

5.0 

4.5 

5.5 

mm 

Input High Voltage 

V|H 

— . 

2.2 


V 

Input Low Voltage 

V| L 

— 

- 0.5** 

0.8 

V 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

! lka(l) 

— 

— 

±1.0 

mm 

Output Leakage Current (E = V|j-j, V out = 0 to Vqq) 

'ika(O) 

— 

— 

±1.0 

HA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA ) 

VOH 

— 

2.4 

— 

V 


*V||_| (max) = Vqq + 0.3 V dc; V|h (max) = Vqq + 2 V ac (pulse width < 20 ns) for I < 20.0 mA. 
**V|l (min) = - 0.5 V dc; Vj|_ (min) = - 2.0 V ac (pulse width < 20 ns) for I < 20.0 mA. 


DC CHARACTERISTICS 


Parameter 

Symbol 

-10 

-12 

Unit 

AC Active Supply Current (l ou t = 0 mA) (Vqq = max, f = f max ) 

'CCA 

155 

145 

mA 

Active Quiescent Current (E = V|j_, Vqq = max, f = 0 MHz) 

'CC2 

80 

80 

mA 

AC Standby Current (E = V||_|, Vqq = max, f = f ma x) 

'SB1 

35 

30 

mA 

CMOS Standby Current (Vqq = max, f = 0 MHz, E > Vqq - 0.2 V, 

Vj n - Vs S + 0.2 V, or > Vqq - 0.2 V) 

'SB2 

12 

12 

mA 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 



Address and Data Input Capacitance 

c in 

— 

6 

mm 

Control Pin Input Capacitance 

Cin 

— 

6 

mm 

Output Capacitance 

°out 

— 

8 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ty\ = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A 

Input Rise/Fall Time 2 ns 


READ CYCLE TIMING (See Note 1) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

*RC 

10 

— 

12 

— 

ns 

2 

Address Access Time 

tAVQV 

*AA 

— 

10 

— 

12 

ns 


Enable Access Time 

tELQV 

tACS 

— 

10 

— 

12 




ME3SM 

*OH 

3 

— 

3 

— 

ns 


Enable Low to Output Active 

tELQX 

*CLZ 

3 

— 

3 

— 


ma 

Enable High to Output High-Z 

J-EHQZ 

tCHZ 

0 

5 

0 

6 


9 


NOTES: 1 . W is high for read cycle. 

2. All read cycle timings are referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, t£HQ2 max < *ELQX min > bottl f° r a 9 iven device and from device to device. 

4. Transition is measured ± 200 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. Device is continuously selected (E = V||_). _ 

7. Addresses valid prior to or coincident with E going low. 


READ CYCLE 1 (See Note 6) 



"• *AVAV *■ 


A (ADDRESS) ^ 

c : l ~ 



\+ 1 axqx H 

i 


Q (DATA OUT) PREVIOUS DATA VALID J 

msm 

^ DATA VALID 

h t A VQV 

1 

*1 




READ CYCLE 2 (See Note 7) 

■* tAVAV *■ 

A (ADDRESS) ^ 

r : : 



1 

E (CHIP ENABLE) 

n /nATA m m 

^ * ! ELQV 

r~ 

k- l ELQX 

r^EHQZ" 


^ DATA VALID 


WWV 

r <AVQV H 
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WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

l WC 

10 

— 

12 

— 

ns 

2 

Address Setup Time 

*AVWL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVWH 

l AW 

6 

— 

7 

— 

ns 


Write Pulse Width 

*WLWH 

*WLEH 

t W p 

twp 

6 

_ 

7 

— 

ns 


Data Valid to End of Write 


l DW 

5 

— 

6 

— 

ns 


Data Hold Time 

*WHDX 

*DH 

0 

— 

0 

— 

ns 


Write Low to Data High-Z 

*WLQZ 

l WZ 

0 

5 

0 

6 

ns 

3,4,5 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

ns 

3,4,5 

Write Recovery Time 

*WHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ± 200 mV from steady-state voltage with load of Figure 1 B. 

4. This parameter is sampled and not 1 00% tested. 

5. At any given voltage and temperature, tyvLQZ max < tWHQX min both * or a 9 iven device and from device to device. 


WRITE CYCLE 2 (E Controlled, See Note 1) 


Parameter 

Symbol 

-10 

- 12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

10 

— 

12 

— 

ns 

2 

Address Setup Time 

tAVEL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

7 

— 

8 

— 

ns 


Enable to End of Write 

tELEH 

tew 

7 

— 

8 

— 

ns 

3,4 

Enable to End of Write 

tELWH 

tew 

7 

— 

8 

— 

ns 

3,4 

Data Valid to End of Write 

tDVEH 

tDW 

5 

— 

6 

— 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. Alj_write cycle timings are referencedjrom the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 


AC TEST LOADS 


+5 V 


OUTPUT [ 


r 


Z 0 = 50 £2 


480 Q 


R L = 50Q 


255 Q 


V L = 1.5 V 


1 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each pa- 
rameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a maxi- 
mum since the device never provides data 
later than that time. 
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WRITE CYCLE 1 



WRITE CYCLE 2 



Q (DATA OUT) 


MCM 

Motorola Memory Prefix 1 

Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

6727 WJ XX XX 

I Shipping Method (R2 = Tape and Reel, Blank = Rails) 

— Speed (10 = 10 ns, 12 = 12 ns) 

Package (WJ = 400-mil SOJ) 


Full Part Number— MCM6727WJ10 MCM6727WJ12 

MCM6727WJ1 0R2 MCM6727WJ12R2 


MOTOROLA MEMORY DATA 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

256K x 4 Bit Fast Static Random 
Access Memory 

The MCM6728 is a 1 ,048,576 bit static random access memory organized as 
262,144 x 4 bits. This device is fabricated using high-performance silicon-gate 
BiCMOS technology. Static design eliminates the need for external clocks or timing 
strobes. 

This device meets JEDEC standards for functionality and revolutionary pinout, and is 
available in a 400-mil plastic small-outline J-leaded package. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• All Inputs and Outputs Are TTL-Compatible 

• Three-State Outputs 

• Fast Access Times: 10, 12 ns 

• Center Power and I/O Pins for Reduced Noise 


BLOCK DIAGRAM 



MCM6728 


PACKAGE 
400-MIL SOJ 
CASE 810 



PIN ASSIGNMENT 

A[ 

• 

1 

28 

] A 

AC 

2 

27 

] A 

A [ 

3 

26 

] A 

A [ 

4 

25 

] A 

E[ 

5 

24 

] A 

DQ0[ 

6 

23 

] DQ3 

v ccC 

7 

22 

] v S s 

Vss[ 

8 

21 

] V CC 

DQ1 [ 

9 

20 

] DQ2 

WQ 

10 

19 

] A 

AD 

11 

18 

] A 

AO 

12 

17 

] A 

AC 

13 

16 

] A 

AC 

14 

15 

] A 


PIN NAMES 


A0-A1 7 Address Input 

E Chip Enable 

W Write Enable 

DQ0-DQ3 Data Input/Output 

Vqq +5V Power Supply 

Vgs Ground 

NC No Connection 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE (X = Don’t Care) 


E 

W 

Mode 

Vqc Current 

Output 

Cycle 

H 

X 

Not Selected 

•SB1 > >SB2 

High-Z 

— 

L 

H 

Read 

•CCA 

D out 

Read Cycle 

L 

L 

Write 

!cca 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to +7.0 

V 

Voltage Relative to V$s for Any Pin Except 
V CC 

v in> v out 

-0.5 to Vqq + 0.5 

V 

Output Current 

•out 

±30 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias (T A = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature — Plastic 

Istg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to these high-impe- 
dance circuits. 

This BiCMOS memory circuit has been 
designed to meet the dc and ac specifica- 
tions shown in the tables, after thermal equi- 
librium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0to +70°C, Unless Otherwise Noted) 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

5.0 

4.5 

5.5 

V 

Input High Voltage 

V|H 

— 

2.2 

Vqq + 0.3* 

V 

Input Low Voltage 

V| L 

— 

- 0.5** 

0.8 

V 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

— 

— 

±1.0 

pA 

Output Leakage Current (E = V|h, V out = 0 to Vqq) 

•ika(O) 

— 

— 

±1 .0 

pA 

Output Low Voltage (Iql = + 8-0 mA ) 

V 0 L 

— 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

VOH 

— 

2.4 

— 

V 


*V||_| (max) = Vqq + 0.3 V dc; Vm (max) = Vqq + 2 V ac (pulse width < 20 ns) for I < 20.0 mA. 
**V|L ( min ) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) for I < 20.0 mA. 


DC CHARACTERISTICS 


Parameter 

Symbol 

-10 

-12 

Unit 

AC Active Supply Current (l ou t = 0 mA) (Vqq = max, f = f ma x) 

•CCA 

165 

155 

mA 

Active Quiescent Current (E = Vji_, Vqq = max, f = 0 MHz) 

•CC2 

90 

90 

mA 

AC Standby Current (E = V||-|, Vqq = max, f = f max ) 

•SBI 

35 

30 

mA 

CMOS Standby Current (Vqq = max, f = 0 MHz, E > Vqq - 0.2 V, 

V in ^ V SS + 0.2 V, or > Vqq - 0.2 V) 

•SB2 

12 

12 

mA 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Address and Data Input Capacitance 

^in 

— 

6 

PF 

Control Pin Input Capacitance 

c in 

— 

6 

PF 

Output Capacitance 

c out 

— 

8 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A 

Input Rise/Fall Time 2 ns 


READ CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

10 

— 

12 

— 

ns 

3 

Address Access Time 

*AVQV 

*AA 

— 

10 

— 

12 

ns 


Enable Access Time 

tELQV 

tACS 

— 

10 

— 

12 

ns 


Output Hold from Address Change 

*AXQX 

*OH 

3 

— 

3 

— 

ns 


Enable Low to Output Active 

*ELQX 

*CLZ 

3 

— 

3 

— 

ns 

4,5,6 

Enable High to Output High-Z 

‘ehqz 

tCHZ 

0 

5 

0 

6 

ns 

4,5,6 


NOTES: 1 . W is high for read cycle. 

2. For common I/O applications, minimization or elimination of bus contention conditions is necessary during read and write cycles. 

3. All read cycle timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, t|=HQZ max < lELQX min > both f° r a 9 iven device and from device to device. 

5. Transition is measured ± 200 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E = V|(J. _ 

8. Addresses valid prior to or coincident with E going low. 


READ CYCLE 1 (See Note 7) 



l AVAV *■ 


A (ADDRESS) ^ 

( “) 

( 


P l AXQX ► 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

(XXXXX) 

^ DATA VALID 


l AVQV 


READ CYCLE 2 (See Note 8) 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

f AVAV 

*WC 

10 

— 

12 

— 

ns 

3 

Address Setup Time 

tAVWL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVWH 

tAW 

6 

— 

7 

— 

ns 


Write Pulse Width 

*WLWH 

tWLEH 

CL CL 
£ ^ 

7 

— 

8 

— 

ns 


Data Valid to End of Write 

*DVWH 

*DW 

5 

— 

6 

— 

ns 


Data Hold Time 

*WHDX 

*DH 

0 

— 

0 

— 

ns 


Write Low to Data High-Z 

%LQZ 

*WZ 

0 

5 

0 

6 

ns 

4,5,6 

Write High to Output Active 

%HQX 

tow 

4 

— 

4 

— 

ns 

4,5,6 

Write Recovery Time 

*WHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. For common I/O applications, minimization or elimination of bus contention conditions is necessary during read and write cycles. 

3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured ± 200 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. At any given voltage and temperature, ty\/|_Qz max < *WHQX m ' n both for a given device and from device to device. 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

10 

— 

12 

— 

ns 

3 

Address Setup Time 

tAVEL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

7 

— 

8 

— 

ns 


Enable to End of Write 

tELEH 

tew 

7 

— 

8 

— 

ns 

4,5 

Enable to End of Write 

tELWH 

tew 

7 

— 

8 

— 

ns 

4,5 

Data Valid to End of Write 

tDVEH 

tDW 

5 

— 

6 

— 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. For common I/O applications, minimization or elimination of bus contention conditions is necessary during read and write cycles. 

3. Alh/vrite cycle timings are referenced from the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

5. If E goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 


AC TEST LOADS 


TIMING LIMITS 


OUTPUT 



z 0 = 50 a 



V[_ = 1.5 V 


Figure 1A 



480 a 


5pF 

(INCLUDING 
SCOPE AND JIG) 


Figure IB 


The table of timing values shows either 
a minimum or a maximum limit for each pa- 
rameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a maxi- 
mum since the device never provides data 
later than that time. 
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WRITE CYCLE 1 



WRITE CYCLE 2 



Q (DATA OUT) 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 6728 m XX XX 

— I I Shipping Method (R2 = Tape and Reel, Blank = Rails) 

Speed (10 = 10 ns, 12 = 12 ns) 

Package (WJ = 400-mil SOJ) 


Full Part Number— MCM6728WJ10 MCM6728WJ12 

MCM6728WJ10R2 MCM6728WJ12R2 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


Product Preview 

256K x 4 Bit Fast Static Random 
Access Memory 

The MCM6729 is a 1 ,048,576 bit static random access memory organized as 
262,144 x 4 bits. This device is fabricated using high-performance silicon-gate 
BiCMOS technology. Static design eliminates the need for external clocks or timing 
strobes. 

Output enable (G) is a special control feature that provides increased system flexibil- 
ity and eliminates bus contention problems. 

This device meets JEDEC standards for functionality and revolutionary pinout, and is 
available in a 400-mil plastic small-outline J-leaded package. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• All Inputs and Outputs Are TTL-Compatible 

• Three-State Outputs 

• Fast Access Times: 10, 12 ns 

• Center Power and I/O Pins for Reduced Noise 


BLOCK DIAGRAM 



MCM6729 



PIN ASSIGNMENT 

NC[ 

i* 

32 

] A 

A [ 

2 

31 

] A 

A [ 

3 

30 

] A 

a H 

4 

29 

] A 

AO 

5 

28 

] A 

EC 

6 

27 

] G 

DQO [ 

7 

26 

] DQ3 

v cct 

8 

25 

] V SS 

v ssC 

9 

24 

] V CC 

DQ1 [ 

10 

23 

] DQ2 

W[ 

11 

22 

] A 

A C 

12 

21 

] A 

aC 

13 

20 

] A 

A [ 

14 

19 

] A 

A [ 

15 

18 

] A 

NC [ 

16 

17 

] NC 


PIN NAMES 


A0-A17 Address Input 

E Chip Enable 

W Write Enable 

G Output Enable 

DQ0-DQ3 Data Input/Output 

Vqq + 5 V Power Supply 

Vss Ground 

NC No Connection 



This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE (X = Don’t Care) 


I 

G 

w 1 

Mode 

Vqc Current 

Output 

Cycle 

H 

X 

X 

Not Selected 

>SB1. >SB2 

High-Z 

— 

L 

H 

H 

Output Disabled 

>CCA 

High-Z 

— 

L 

L 

H 

Read 

•CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

- 0.5 to + 7.0 

V 

Voltage Relative to Vqs for Any Pin Except 
V CC 

Vin.V 0U t 

- 0.5 to Vqq + 0.5 

V 

Output Current 

taut 

±30 

mA 

Power Dissipation 

Pd 

1.2 

W 

Temperature Under Bias (T A = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature-Plastic 

T sta 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to these high-impe- 
dance circuits. 

This BiCMOS memory circuit has been 
designed to meet the dc and ac specifica- 
tions shown in the tables, after thermal equi- 
librium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0 to +70°C, Unless Otherwise Noted) 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

5.0 

4.5 

5.5 

V 

Input High Voltage 

V|H 

— 

2.2 

Vqq + 0.3* 

V 

Input Low Voltage 

V| L 

— 

- 0.5** 

0.8 

V 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikod) 

— 

— 

±1.0 

pA 

Output Leakage Current (E = V||_|, V ou t = 0 to Vqq) 

•ika(O) 

— 

— 

±1.0 

PA 

Output Low Voltage (Iql = + 8.0 mA) 

VOL 

— 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

— 

2.4 

— 

V 


*V|n (max) = Vqq + 0.3 V dc; Vm (max) = Vqq + 2 V ac (pulse width < 20 ns) for I < 20.0 mA. 
**V|[_ (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) for I < 20.0 mA. 


DC CHARACTERISTICS 


Parameter 

Symbol 

-10 

-12 

Unit 

AC Active Supply Current (l ou t = 0 mA) (Vqq = max, f = f m ax) 

! CCA 

165 

155 

mA 

Active Quiescent Current (E = Vj|_, Vqq = max, f = 0 MHz) 

•CC2 

90 

90 

mA 

AC Standby Current (E = Vm, Vqq = max, f = f max ) 

>SB1 

35 

30 

mA 

CMOS Standby Current (Vqq = max, f = 0 MHz, E > Vqq - 0.2 V, 

Vj n < V SS + 0.2 V, or > Vqq - 0.2 V) 

>SB2 

12 

12 

mA 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Address and Data Input Capacitance 

^in 

— 

6 

PF 

Control Pin Input Capacitance 

c in 

— 

6 

PF 

Output Capacitance 

c out 

— 

8 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T/\ = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A 

Input Rise/Fall Time 2 ns 


READ CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

{ AVAV 

*RC 

10 

— 

12 

— 

ns 

3 

Address Access Time 


*AA 

— 

10 

— 

12 

ns 


Enable Access Time 

*ELQV 

tACS 

— 

10 

— 

12 

ns 


Output Enable Access Time 

tGLQV 

*OE 

— 

5 

— 

6 

ns 


Output Hold from Address Change 

l AXQX 

x OH 

3 

— 

3 

— 

ns 


Enable Low to Output Active 

tELQX 

*CLZ 

3 

— 

3 

— 

ns 

4,5,6 

Output Enable Low to Output Active 

tGLQX 

*OLZ 

0 

— 

0 

— 

ns 

4,5,6 

Enable High to Output High-Z 

*EHQZ 

*CHZ 

0 

5 

0 

6 

ns 

4,5,6 

Output Enable High to Output High-Z 

*ghqz 

tOHZ 

0 

5 

0 

6 

ns 

4,5,6 


NOTES: 1 . W is high for read cycle. 

2. For common I/O applications, minimization or elimination of bus contention conditions is necessary during read and write cycles. 

3. All read cycle timings are referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, t^HOZ max < *ELQX min < and *GHQZ max < kaHQX min - both for a 9 iven 
device and from device to device. 

5. Transition is measured ± 200 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 100% tested. 

7. Device is continuously selected (E = V||_, G_= Vj|_). 

8. Addresses valid prior to or coincident with E going low. 


READ CYCLE 1 (See Note 7) 



tAVA V 


A (ADDRESS) ^ 

c : •") 

( 


r* i axqx 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

wmm 

^ DATA VALID 

h - *AVQV 

I 



READ CYCLE 2 (See Note 8) 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

- 10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

10 

— 

12 

— 

ns 

3 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVWH 

! AW 

6 

— 

7 

— 

ns 


Write Pulse Width 

11 

t W p 

t W p 

7 

— 

8 

— 

ns 


Write Pulse Width, G High 

tWLWH 

tWLEH 

t W p 

t W p 

6 

— 

7 

— 

ns 


Data Valid to End of Write 

*DVWH 

*DW 

5 

— 

6 

— 

ns 


Data Hold Time 

*WHDX 

*DH 

0 

— 

0 

— 

ns 


Write Low to Data High-Z 

tWLQZ 

*WZ 

0 

5 

0 

6 

ns 

4,5,6 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

ns 

4,5,6 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. For common I/O applications, minimization or elimination of bus contention conditions is necessary during read and write cycles. 

3. All write cycle timings are referenced from the last valid address to the first transitioning address. 

4. Transition is measured ± 200 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. At any given voltage and temperature, tyvLQZ max < tyVHQX min both for a 9 iven device and from device to device. 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

10 

— 

12 

— 

ns 

3 

Address Setup Time 

tAVEL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

tAW 

7 

— 

8 

— 

ns 


Enable to End of Write 

tELEH 

tew 

7 

— 

8 

— 

ns 

4,5 

Enable to End of Write 

tELWH 

tew 

7 

— 

8 

— 

ns 

4,5 

Data Valid to End of Write 

tDVEH 

tDW 

5 

— 

6 

— 

ns 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. For common I/O applications, minimization or elimination of bus contention conditions is necessary during read and write cycles. 

3. Alhwrite cycle timings are referenced from the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

5. If E goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 


AC TEST LOADS 


TIMING LIMITS 


OUTPUT 



Z 0 = 50 Q 



V L = 1.5V 


50 Q 


Figure 1A 


Q — 

255 n 


+ 5 V 



480 a 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure IB 


The table of timing values shows either 
a minimum or a maximum limit for each pa- 
rameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a maxi- 
mum since the device never provides data 
later than that time. 


MOTOROLA MEMORY DATA 


5-228 




MCM6729 


WRITE CYCLE 1 



WRITE CYCLE 2 



Q (DATA OUT) 


Motorola Memory Prefix 
Part Number 


MCM 


ORDERING INFORMATION 
(Order by Full Part Number) 

6729 WJ XX XX 

I Shipping Method (R2 = Tape and Reel, Blank = Rails) 

— Speed (10 = 10 ns, 12 = 12 ns) 

Package (WJ = 400-mil SOJ) 


Full Part Number— MCM6729WJ10 MCM6729WJ12 

MCM6729WJ1 0R2 MCM6729WJ12R2 
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MOTOROLA 

■i SEMICONDUCTOR mmm 

TECHNICAL DATA 

Product Preview 

8K x 20 Bit Fast Static RAM 


The MCM62820 is a 1 63,840 bit static random access memory organized 
as 8,192 words of 20 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. The device integrates an 8K x 20 SRAM core 
with address and chip enable input latches, multiple chip enable inputs, and 
an output enable input. 

The availability of output enable (G) and multiple chip enable (El and E2) 
inputs provide for greater system flexibility when multiple devices are used. 
With either chip enable input negated, the device will enter standby mode, 
useful in low power applications. All address (A0-A12) and chip enable (El , 
E2) inputs propagate through level-sensitive on-chip latching controlled by 
LE. This feature alleviates the need for external address and chip enable 
latching. This device was designed specifically to operate as cache memory 
with the R3000 RISC Microprocessor (see Figure 2), but it will also be very 
adaptable wherever wide and fast SRAMs are needed. 

The MCM62820 will be available in a 52-pin plastic-leaded chip-carrier. 
Multiple power and ground pins have been utilized to minimize effects 
induced by output noise. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access and Cycle Times: 23/30 ns Max 

• Fully Static Read and Write Operations 

• Equal Address and Chip Enable Access Times 

• On Chip Address and Chip Enable Latches 

• Active High and Active Low Chip Enable Inputs 

• Output Enable Controlled Three-State Outputs 

• High Board Density PLCC Package 

• Low Power Standby Mode 

• Fully TTL-Compatible 


MCM62820 



PIN ASSIGNMENT 


O CM 


^ O O LLI 
C <C Z Z — J 


: 2 3 : 


v SS l 

/ 7 

6 5 4 3 2 1 52 51 50 49 48 47,„ . 

8 

m 46] 

DQOl 

9 

45] 

DQlI 

10 

44] 

vss 1 

11 

43] 

DQ2I 

12 

42] 

DQ3f 

13 

41] 

DQ4l 

14 

40] 

DQ5I 

15 

39] 

DQ6I 

18 

38] 

PQ7f 

17- 

37l 

Vss 1 

18 

36] 

0081 

19 

351 

DQ9[ 

20 

21 

341 

22 23 24 25 26 27 28 29 30 31 32 33 


DUUU ■ HJ " I— I -' Cl I— l ~ XU ' 1 LTO I— I" I— I 

O $ 3 £ £ IO O |g| Eaj 15 £ o 


V SS 

DQ19 

DQ18 

V SS 

DQ17 

DQ16 

DQ15 

DQ14 

DQ13 

DQ12 

V SS 

DQ11 

DQ10 


BLOCK DIAGRAM 


A0-A5, A10-A12 



PIN NAMES | 

A0-A12 

Address Inputs 

LE 

Latch Enable 

W 

Write Enable 

El, E2.. 

Chip Enable 

G 

Output Enable 

DQ0-DQ19 Data Input/Output 

V CC ■ 

+ 5 V Power Supply 

V SS • • • ■ 


NC 

No Connection 


For proper operation of the device, 
all Vss pins must be connected to 
ground. 


This document contains information on a project under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 


El 

E2 

G 

w 

LE 

Mode 

Supply Current 

I/O Status 

H 

X 

X 

X 

X 

Not Selected 

'SB 

High-Z 

X 

L 

X 

X 

X 

Not Selected 

'SB 

High-Z 

L 

H 

H 

H 

X 

Output Disabled 

'cc 

High-Z 

L 

H 

L 

H 

H 

Read with Transparent Inputs 

'cc 

Data Out 

L 

H 

L 

H 

L 

Read with Latched Inputs 

'cc 

Data Out 

L 

H 

X 

L 

H 

Write with Transparent Inputs 

'cc 

Data In 

L 

H 

X 

L 

L 

Write with Latched Inputs 

'cc 

Data In 


NOTE: X means don’t care. Inputs A0-A1 2, El , E2 are latched or transparent depending upon the 
state of latch enable (LE). 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V ss =0 v ) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 

V 

Voltage Relative to Vqs 

Vin- V out 

-0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T A = 70°C, Vqq = 5 V, 
tAVAV = 23 ns) 

Pd 

2.5 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is assumed 
to be in a test socket or mounted on 
a printed circuit board with at least 
300 LFPM of transverse air flow be- 
ing maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, T A = 0 to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V S s = 0 V) > ^ 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

3.0 

Vqq + 0.3 

V 

Input Low Voltage 

V| L 

-0.5* 

0.0 

0.8 

V 


*V||_ (min) = - 3.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

ma 

Output Leakage Current (G~= Vm, ET = V|h. E2 = V|i_, V out = 0 to Vqq) 

'lkg(O) 

- 

± 1.0 

pA 

AC Supply Current (G = V|h, eT = Vj|_, E2 = V|h, All Inputs = V||_ = 0.0 V and V|h ^ 3.0, 

'out = 0 mA) 

Cycle Time > 23 ns 
Cycle Time > 30 ns 

>CCA 

- 

240 

185 

mA 

Standby Current (ET = Vjh, E2 = V||_, All Inputs = V||_ or Vm) 

>SB1 

— 

15.0 

mA 

CMOS Standby Current (IT > Vqq - 0.2 V, E2 < 0.2 V, All Inputs > Vqq - 0.2 V or < 0.2 V) 

>SB2 

- 

10.0 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic | 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Pins Except DQ0-DQ19 

c in 

4 

6 

pF 

Input/Output Capacitance 

DQ0-DQ1 9 

C|/o 

6 

8 

PF 


MOTOROLA MEMORY DATA 


5-231 






MCM62820 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ CYCLE TIMING (See Notes 1 , 2, 3) 


Parameter 

Symbol 

MCM62820-23 

MCM62820-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 


— 

30 

— 

ns 


Address Access Time 

*AVQV 

*AA 

— 

23 

— 

30 

ns 


Chip Enable to Output Valid 

JE1LQV 

t E2HQV 


— 


— 


ns 

H 

Latch Enable High to Output Valid 

*LEHQV 



— 

30 

— 

ns 


Output Enable to Output Valid 

*GLQV 

tOE 


10 

— 

12 

ns 


Output Active from Chip Enable 

*E1LQX 

1E2HQX 



— 


— 


B 

Output Active from Output Enable 

*GLQX 

*OLZ 

2 

— 

2 

— 

ns 

5 

Output Active from Latch Enable High 



2 

— 

2 

— 

ns 

5 

Output Hold from Address Change 

tAXQX 

tOH 

3 

— 

3 

— 

ns 


Setup Times For: A 

El 

E2 


tci 

l CS 

■ 

■ 

■ 

■ 

ns 

H 

Hold Times for: _A 

El 

E2 

*LELAX 

tLELEIX 

*LELE2X 

mm 


■ 


— 

ns 

4,6 

Chip Enable High to Output High-Z 



0 

H 

0 



B 

Latch Enable High to Output High-Z 

tLEHQZ 

tCHZ 

0 

9 

0 

10 

ns 

5 

Output Enable to Output High-Z 

tGHQZ 

tQHZ 

0 

8 

0 

10 

ns 

5 


NOTES: _ 

1 . A read cycle is defined by W high. 

2. All read cycle timings are referenced from the last valid address to the first transitioning address. 

3. Addresses must be valid prior to or coincident with El going low or E2 going high. 

4. El in the timing diagrams represents both El and E2 with El asserted low and E2 asserted high. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter 
is sampled and not 100% tested. At any given voltage and temperature, t^i hqz max > s less than 
t^1 LQX m ' n > *E2LQZ max i s * ess than t£2HQX min and tQHQZ max ' s ' ess than tQLQX m ' n tor a 
given device ana from device to device. 

6. These inputs are latched and must meet the required setup and hold times for ALL latch enable 
(LE) low transitions. 

READ CYCLE 
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M CM 62820 


WRITE CYCLE TIMING, Write Enable Initiated (See Note 1) 


Parameter 

Symbol 

MCM62820-23 

MCM62820-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

23 

— 

30 

— 

ns 


Address Setup Time 

*AVWL 

l AS 

0 

— 

0 

— 

ns 

2 

Address Valid to End of Write 

*AVWH 

*AW 

20 

— 

25 

— 

ns 


Write Pulse Width 

*WLWH 

t W p 

15 

— 

18 

— 

ns 

3 

Write Enable to Chip Enable Disable 

tWLEIH 

*WLE2L 

tew 

15 

— 

18 

— 

ns 

4 

Chip Enable to End of Write 

11 

tew 

15 

— 

18 

— 

ns 

3, 4,5 

Data Valid to End of Write 

tDVWH 

tDW 

7 

— 

10 

— 

ns 


Data Hold Time 

*WHDX 

tDH 

0 

— 

0 

— 

ns 

6 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

ns 

2 

Setup Times for: _A 

El 

E2 

tAVLEL 

tEIVLEL 

*E2VLEL 

JAS 

tes 

tes 

4 

— 

4 

— 

ns 

4,5 

LE Hold to End of Write 

tWHLEH 

tLEH 

-2 

— 

-2 

— 

ns 


Hold Times for: A 

El 

E2 

tLELAX 

tLELEIX 

tLELE2X 

tAH 

tCH 

tCH 

3 

— 

3 

— 

ns 

4,5 

Write Low to Output High-Z 

*WLQZ 

tWHZ 

0 

9 

0 

10 

ns 

7 

Write High to Output Low-Z 

*WHQX 

tWLZ 

2 

- 

2 

- 

ns 

7 


NOTES: _ _ 

1 . A write cycle starts at thejatest transition of El low, W low, or E2 high. A write cycle ends at the 
earliest transition of an El high W high, or E2 low. 

2. Write must be high for all address transitions. 

3. If W goes low coincident with or prior to El low or E2 high the outputs will remain in a 

high-impedance state. 

4. El in the timing diagrams represents both El and E2 with El asserted low and E2 asserted high. 

5. These inputs are latched and must meet the required setup and hold times for ALL latch enable 
(LE) low transitions. 

6. During this time the output pins may be in the output state. Signals of opposite phase must not be 
applied to the outputs at this time. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter 
is sampled and not 100% tested. At any given voltage and temperature, tj=i hqz max is less than 
t£i LQX min > tE2LQZ max is less than t E2HQX min and ^GHQX max is less than kaLQX min f° r a 
given device ana Tram device to device. 
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WRITE CYCLE TIMING, Chip Enable Initiated (See Notes 1 and 2) 


Parameter 

Symbol 

MCM62820-23 

MCM62820-30 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

twc 

23 

— 

30 

— 

ns 


Address Setup Time 

tAVEIL 

*AVE2H 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*cvi 

lulu 

*AW 

20 

— 

25 

— 

ns 


Data Valid to End of Write 

tDVEI H 
t DVE2L 

tDW 

7 

— 

10 

— 

ns 


Chip Enable to End of Write 

Jeileih 

*E2HE2L 

tew 

15 

— 

18 

— 

ns 

3 

Data Hold Time 

tEIHDX 

*E2LDX 

tDH 

0 

— 

0 

— 

ns 

4 

Write Recovery Time 

tEIHAX 

*E2LAX 

tWR 

0 

— 

0 

— 

ns 


LE Hold to End of Write 

tEIHLEH 

t E2LLEH 

tEIHLEH 

tE2LLEH 

-2 

— 

-2 

— 

ns 


Setup Times for: A 

El 

E2 

tAVLEL 
*E1 VLEL 
t E2VLEL 

tci 

tes 

4 


4 

— 

ns 

5 

Hold Times for: A 

El 

E2 

*LELAX 

tLELEIX 

t LELE2X 

tAH 

tCH 

tCH 

3 

— 

3 

— 

ns 

5 


NOTES: _ _ 

1 . A write cycle starts at the latest transition of El low, W low, or E2 high. A write cycle ends at the 

earliest transition of an El high, W high, or_E2 low. 

2. Elin the timing diagrams represents both El and E2 with El asserted low and E2 asserted high. 

3. If W goes low coincident with or prior to El low or E2 high the outputs will remain in a 
high-impedance state. 

4. During this time the output pins may be in the output state. Signals of opposite phase must not be 
applied to the outputs at this time. 

5. These inputs are latched and must meet the required setup and hold times for ALL latch enable 
(LE) low transitions. 


CHIP ENABLE INITIATED WRITE CYCLE 



Q (DATA OUT) 
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Figure 2. R3000 Application Example with 64K Byte 
Segregated Instruction/Data Cache Using 
Six Motorola MCM62820 Latched SRAMs 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62820 x xx 



Full Part Numbers - MCM62820FN23 MCM62820FN30 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



MCM62820A 


Product Preview 

8K x 20 Bit Fast Static RAM 

The MCM62820A is a 163,840 bit static random access memory organized as 8,192 
words of 20 bits, fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. The device integrates an 8K x 20 SRAM core with address and chip enable 
input latches, multiple chip enable inputs, and an output enable input. 

The availability of output enable (G) and multiple chip enable (El and E2) inputs 
provide for greater system flexibility when multiple devices are used. With either chip 
enable input negated, the device will enter standby mode, useful in low power 
applications. All address (A0-A12) and chip enable (El, E2) inputs propagate through 
level-sensitive on-chip latching controlled by LE. This feature alleviates the need for 
external address and chip enable latching. This device was designed specifically to 
operate as cache memory with the R3000 RISC Microprocessor (see 
Figure 2), but it will also be very adaptable wherever wide and fast 
SRAMs are needed. 

The MCM62820A will be available in a 52-pin plastic-leaded 
chip carrier. Multiple power and ground pins have been 
utilized to minimize effects induced by output noise. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access and Cycle Times: 1 7/23 ns Max 

• Fully Static Read and Write Operations 

• Equal Address and Chip Enable Access Times 

• On Chip Address and Chip Enable Latches 

• Active High and Active Low Chip Enable Inputs 

• Output Enable Controlled Three-State Outputs 

• High Board Density PLCC Package 

• Low Power Standby Mode 

• Fully TTL-Compatible 

BLOCK DIAGRAM 

A0-A5, A1 0-A1 2 




FN PACKAGE 
PLASTIC 
CASE 778 


PIN ASSIGNMENT 



V SS 

DQ19 

DQ18 

Vss 

DQ17 

DQ16 

DQ15 

DQ14 

DQ13 

DQ12 

V SS 

DQ11 

DQ10 



PIN NAMES 

A0-A12 Address Inputs 

LE Latch Enable 

Write Enable 

El , E2 Chip Enable 

G Output Enable 

DQ0-DQ19 Data Input/Output 
Vqq — + 5 V Power Supply 

Vgs Ground 

NC No Connection 

For proper operation of the device, 
all Vgs pins must be connected to 
ground. 


This document contains information on a project under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE 


El 

E2 

G 

W 

LE 

Mode 

Supply Current 

I/O Status 

H 

X 

X 

X 

X 

Not Selected 

'SB 

High-Z 

X 

L 

X 

X 

X 

Not Selected 

'SB 

High-Z 

L 

H 

H 

H 

X 

Output Disabled 

'cc 

High-Z 

L 

H 

L 

H 

H 

Read with Transparent Inputs 

'cc 

Data Out 

L 

H 

L 

H 

L 

Read with Latched Inputs 

'cc 

Data Out 

L 

H 

X 

L 

H 

Write with Transparent Inputs 

'cc 

Data In 

L 

H 

X 

L 

L 

Write with Latched Inputs 

'cc 

Data In 


NOTE: X means don’t care. Inputs A0-A1 2, El , E2 are latched or transparent depending upon the state of 
latch enable (LE). 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V ss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

— 0.5 to + 7.0 

V 

Voltage Relative to Vgs 

Vin> Vout 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T A = 70°C, Vqq = 5 V, 
t A VAV = 23 ns) 

PD 

2.5 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. The circuit is assumed 
to be in a test socket or mounted on 
a printed circuit board with at least 
300 LFPM of transverse air flow be- 
ing maintained. 



DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V ss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

3.0 

Vqq+0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.0 

0.8 

V 


*V|i_ (min) = - 3.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, V jn = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

pA 

Output Leakage Current (G = Vm, IT = Vm, E2 = V||_, V out = 0 to Vqq) 

'ikg(O) 

- 

±1.0 

ma 

AC Supply Current (G = Vm, El = V||_, E2 = Vm, All Inputs = V|j_ = 0.0 V and Vm > 3.0, 

'out = 0 m A) 

CycleTime>17 ns 
Cycle Time>23 ns 

'CCA 

- 

280 

240 

mA 

Standby Current (IT = Vm or E2 = V|i_, All Inputs = V|l or Vm) 

>SB1 

— 

15.0 

mA 

CMOS Standby Current (IT > Vqq - 0.2 V, E2 < 0.2 V, All Inputs > Vqq - 0.2 V or < 0.2 V) 

'SB2 

- 

10.0 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

2.4 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Pins Except DQ0-DQ19 

c in 

4 

6 

PF 

Input/Output Capacitance 

DQ0-DQ1 9 

c l/0 

6 

8 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


REAP CYCLE TIMING (See Notes 1 , 2, 3) 


Parameter 

Symbol 

MCM62820A-17 

MCM62820A-23 

Unit 

Notes 

Standard 

Alternate 



Min 

Max 

Read Cycle Time 

*AVAV 

tRc 


— 

23 

— 

ns 


Address Access Time 

tAVQV 

*AA 

— 

17 

— 

23 

ns 


Chip Enable to Output Valid 

ISHi 

*AC1 

— 


B 

23 

ns 

m 

Latch Enable High to Output Valid 

*LEHQV 


17 

— 

25 

— 



Output Enable to Output Valid 

*GLQV 

'OE 

— 

6 

— 

10 



Output Active from Chip Enable 

JE1LQX 

t E2HQX 



H 

2 

— 


4,5 

Output Active from Output Enable 

tGLQX 

{ OLZ 

2 

— 

2 

— 

ns 

5 

Output Active from Latch Enable High 

tLEHQX 


2 

— 

2 

— 

WKM 

5 

Output Hold from Address Change 

*AXQX 

tQH 

3 

— 

3 

— 



Setup Times For: A 

El 

E2 

*AVLEL 

tEIVLEL 

t E2VLEL 

m 


■ 

■ 

■ 

ns 

H 

Hold Times for: A 

El 

E2 

*LELAX 

JLELEIX 

l LELE2X 



■ 


■ 

ns 

H 

Chip Enable High to Output High-Z 

■sm 





9 

ns 

D 

Latch Enable High to Output High-Z 

tLEHQZ 


0 

9 

0 

9 

ns 

5 

Output Enable to Output High-Z 

*GHQZ 

tQHZ 

0 

6 

0 

8 

ns 

5 


NOTES: 

1 . A read cycle is defined by W high. 

2. All read cycle timings are referenced from the last valid address to the first transitioning address. 

3. Addresses must be valid prior to or coincident with El going low or E2 going high. 

4. El in the timing diagrams represents both E? and E2 with ET asserted low and E2 asserted high. 

5. Transition is measured + 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 1 00% tested. At any 
given voltage and temperature, t^i HQZ max is ,ess than *E1 LQX min - t E2LQZ max is ,ess than tE2HQX min and *GHQZ max is ,ess than 
tQLQX min for a 9 iven device smd from device to device. 

6. These inputs are latched and must meet the required setup and hold times for ALL latch enable (LE) low transitions. 

READ CYCLE 



MOTOROLA MEMORY DATA 


5-238 
























































M CM 62820 A 


WRITE CYCLE TIMING, Write Enable Initiated (See Note 1) 


Parameter 

Symbol 

MCM62820A-17 

MCM62820A-23 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

17 

— 

23 

— 

ns 


Address Setup Time 

*AVWL 

tAS 

0 

— 

0 

— 

ns 

2 

Address Valid to End of Write 

*AVWH 

l AW 

13 

— 

20 

_ 

ns 


Write Pulse Width 

*WLWH 

t W p 

13 

— 

15 

— 

ns 

3 

Write Enable to Chip Enable Disable 

tWLEIH 

t WLE2L 

tew 

13 

— 

15 

— 

ns 

4 

Chip Enable to End of Write 

11 

j±j£j 

tew 

13 

— 

15 

— 

ns 

3, 4,5 

Data Valid to End of Write 

*DVWH 

l DW 

6 

— 

7 

— 

ns 


Data Hold Time 

tWHDX 

tDH 

0 

— 

0 

— 

ns 

6 

Write Recovery Time 

*WHAX 

tWR 

0 

— 

0 

— 

ns 

2 

Setup Times for: A 

El 

E2 

*AVLEL 

l E1VLEL 

*E2VLEL 

JAS 

CS 

tes 

3 

— 

4 

__ 

ns 

4,5 

LE Hold to End of Write 

*WHLEH 

tLEH 

-2 

— 

-2 

— 

ns 


Hold Times for: A 

El 

E2 

tLELAX 

tLELEIX 

*LELE2X 

Jah 

tCH 

tCH 

2 

— 

3 

— 

ns 

4,5 

Write Low to Output High Z 

*WLQZ 

tWHZ 

0 

9 

0 

9 

ns 

7 

Write High to Output Low Z 

tWHQX 

tWLZ 

2 

- 

2 

- 

ns 

7 


N0TES: 

1. A write cycle starts at the latest transition of El low, W low, or E2 high. A write cycle ends at the earliest transition of an El high W high, orE2 
low. 

2. Write must be high for all address transitions. 

3. If W goes low coincident with or prior to ET low or E2 high the outputs will remain in a high-impedance state. 

4. ET in the timing diagrams represents both E? and E2 with ET asserted low and E2 asserted high. 

5. These inputs are latched and must meet the required setup and hold times for ALL latch enable (LE) low transitions. 

6. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at this time. 

7. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 1 00% tested. At any 
given voltage and temperature, t£i hqz max is less than *E1 LQX m i n > tE2LQZ max is ,ess than *E2HQX min and kaHQX max is ,ess than 
tGLQX min f° r a 9 iven de vice a nd from device to device. 
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WRITE CYCLE TIMING, Chip Enable Initiated (See Notes 1 and 2) 


Parameter 

Symbol 

MCM62820A-17 

MCM62820A-23 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

17 

— 

23 

— 

ns 


Address Setup Time 

*AVE1L 

*AVE2H 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVE1H 

*AVE2L 

*AW 

13 

— 

20 

— 

ns 


Data Valid to End of Write 

*DVE1H 

*DVE2L 

*DW 

6 

— 

7 

— 

ns 


Chip Enable to End of Write 

;eileih 

l E2HE2L 

tew 

13 

— 

15 

— 

ns 

3 

Data Hold Time 

tEIHDX 

*E2LDX 

tDH 

0 

— 

0 

— 

ns 

4 

Write Recovery Time 

tEIHAX 

*E2LAX 

tWR 

0 

- 

0 

— 

ns 


LE Hold to End of Write 

tEIHLEH 

*E2LLEH 

tEIHLEH 

tE2LLEH 

-2 

— 

-2 

— 

ns 


Setup Times for: A 

El 

E2 

*AVLEL 

*E1VLEL 

*E2VLEL 

[AS 

tes 

tes 

3 

— 

4 

— 

ns 

5 

Hold Times for: A 

El 

E2 

tLELAX 

tLELEIX 

*LELE2X 

tAH 

tCH 

tCH 

2 

— 

3 

— 

ns 

5 


N0TES: 

1 . A write cycle starts at the latest transition of El low, W low, or E2 high. A write cycle ends at the earliest transition of an El high, W high, or E2 
low. 

2. El in the timing diagrams represents both El and E2 with E? asserted low and E2 asserted high. 

3. If W goes low coincident with or prior to ET low or E2 high the outputs will remain in a high-impedance state. 

4. During this time the I/O pins may be in the output state. Signals of opposite phase must not be applied to the I/Os at this time. 

5. These inputs are latched and must meet the required setup and hold times for ALL latch enable (LE) low transitions. 


CHIP ENABLE INITIATED WRITE CYCLE 


A (ADDRESS) 

LE (LATCH ENABLE) 

IT (CHIP ENABLE) 

W (WRITE ENABLE) 

D (DATA IN) 

Q (DATA OUT) 


-* — Wav 


y 4 

A 7 

( ) 

mmssm 


1 avlel - 

U 1 LELAX H 


U- 

1 

tEIHLEH 

1 AVE1L 

I 

^ 



1 El VLEL ”**■' 

p- 



■- t E 1HAX 

Y 

P LELE1X •• i 

V 7 

777775 

L 


— l E1LE1H ► 


l AVE1H-^ 

t DVE1H 

H- 

H— t- 

l E1HDX 

MMMMMmMMMm 


mwm 


HIGH-Z 
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Figure 2. R3000 Application Example with 64K Byte 
Segregated Instruction/Data Cache Using 
Six Motorola MCM62820A Latched SRAMs 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62820A x xx 



Full Part Numbers - MCM62820AFN23 MCM62820AFN30 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

256K x 4 Bit Fast Static Random 
Access Memory 

The MCM67282 is a 1 ,048,576 bit static random access memory organized as 
262,144 x 4 bits. This device is fabricated using high-performance silicon-gate 
BiCMOS technology. Static design eliminates the need for external clocks or timing 
strobes. 

This device meets JEDEC standards for functionality and revolutionary pinout, and is 
available in a 400-mil plastic small-outline J-leaded package. 

• Single 5 V ±10% Power Supply 

• Fully Static — No Clock or Timing Strobes Necessary 

• All Inputs and Outputs Are TTL-Compatible 

• Three-State Outputs 

• Fast Access Times: 10, 12 ns 

• Center Power and I/O Pins for Reduced Noise 


BLOCK DIAGRAM 



MCM67282 



PIN ASSIGNMENT 

A[ 

i* 

32 

] A 

A[ 

2 

31 

b a 

A [ 

3 

30 

DA 

AC 

4 

29 

] A 

EC 

5 

28 

3 A 

DOC 

6 

27 

] D3 

QO C 

7 

26 

] Q3 

V CCL 

8 

25 

3 V SS 

v S sd 

9 

24 

3 Vcc 

Q1[ 

10 

23 

] Q2 

D1C 

11 

22 

] D2 

Wc 

12 

21 

3 A 

AC 

13 

20 

] A 

aC 

14 

19 

] A 

AC 

15 

18 

] A 

A.C 

16 

17 

3 A 


PIN NAMES 


A0-A17 Address Input 

E_ Chip Enable 

W Write Enable 

D0-D3 Data Input 

Q0-Q3 Data Output 

Vqq +5V Power Supply 

Vgs Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE (X = Don’t Care) 


E 

W 

Mode 

Vqq Current 

Output 

Cycle 

H 

X 

Not Selected 

'SB1 > >SB2 

High-Z 

— 

L 

H 

Read 

'CCA 

D out 

Read Cycle 

L 

L 

Write 

'CCA 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to +7.0 

V 

Voltage Relative to V$s lor Any Pin Except 
V CC 

v in> v out 

-0.5 to Vqq + 0.5 

V 

Output Current 

'out 

±30 

mA 

Power Dissipation 

PD 

1.2 

W 

Temperature Under Bias (T A = 25°C) 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature — Plastic 

Istg 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to the OPERATING CONDI- 
TIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields: however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to these high-impe- 
dance circuits. 

This BiCMOS memory circuit has been 
designed to meet the dc and ac specifica- 
tions shown in the tables, after thermal equi- 
librium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


5 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vco = 5.0 v ±10%, T A = 0to +70°C, Unless Otherwise Noted) 


Parameter 

Symbol 

Typ 


Max 


Supply Voltage (Operating Voltage Range) 

V CC 

5.0 

4.5 

5.5 

V 

Input High Voltage 

V|H 

— 

2.2 


V 

Input Low Voltage 

V|L 

— 

- 0.5** 

0.8 


Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

— 

— 

±1.0 


Output Leakage Current (E = V||_|, V out = 0 to Vqq) 

'lko(O) 

— 

— 

±1.0 


Output Low Voltage (Iql = + 8.0 mA ) 

V 0 L 

— 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA ) 

v OH 

— 

2.4 

— 

V 


*V||-| (max) = Vqq + 0.3 V dc; V|h (max) = Vqq + 2 V ac (pulse width < 20 ns) for I < 20.0 mA. 
(min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns) for I < 20.0 mA. 


DC CHARACTERISTICS 


Parameter 

Symbol 

-10 

-12 


AC Active Supply Current (l ou t = 0 mA) (Vqq = max, f = f m ax) 


165 

155 


Active Quiescent Current (E = V||_, Vqq = max, f = 0 MHz) 

>CC2 

90 

90 

UQH 

AC Standby Current (E = Vjh, Vqq = max, f = f max ) 

'SBI 

35 

30 


CMOS Standby Current (Vqq = max, f = 0 MHz, E > Vqq - 0.2 V, 

Vjn - V SS + 0.2 V, or > Vqq - 0.2 V) 

'SB2 


12 



CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 





Address and Data Input Capacitance 


— 

6 

pF 

Control Pin Input Capacitance 

Cin 

— 

6 

PF 

Output Capacitance 


— 

8 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A 

Input Rise/Fall Time 2 ns 


READ CYCLE TIMING (See Note 1) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

*RC 

10 

— 

12 

— 

ns 

2 

Address Access Time 


*AA 

— 

10 

— 

12 

ns 


Enable Access Time 

tELQV 

*ACS 

— 

10 

— 

12 

ns 


Output Hold from Address Change 

*AXQX 

*OH 

3 

— 

3 

— 

ns 


Enable Low to Output Active 

*ELQX 

tCLZ 

3 

— 

3 

— 

ns 

3,4,5 

Enable High to Output High-Z 

*ehqz 

tCHZ 

0 

5 

0 

6 

ns 

3,4,5 


NOTES: 1 . W is high for read cycle. 

2. All read cycle timings are referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, t£HQZ max < *ELQX min > both f° r a 9 iven device and from device to device. 

4. Transition is measured ± 200 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. Device is continuously selected (E = V]l). _ 

7. Addresses valid prior to or coincident with E going low. 


READ CYCLE 1 (See Note 6) 



u tAVAV *• 


A (ADDRESS) ^ 

r 



f* tAXQX H 



Q (DATA OUT) PREVIOUS DATA VALID ^ 

(XXXXX) 

^ DATA VALID 


| 1 

r* l AVQV 




READ CYCLE 2 (See Note 7) 
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WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

*WC 

10 

— 

12 

— 

ns 

2 

Address Setup Time 

tAVWL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVWH 

l AW 

6 

— 

7 

— 

ns 


Write Pulse Width 

*WLWH 

*WLEH 

t W p 

twp 

6 

— 

7 

— 

ns 


Data Valid to End of Write 

tDVWH 

*DW 

5 

— 

6 

— 

ns 


Data Hold Time 

*WHDX 

*DH 

0 

— 

0 

— 

ns 


Write Low to Data High-Z 

tWLQZ 

*WZ 

0 

5 

0 

6 

ns 

3,4,5 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

ns 

3,4,5 

Write Recovery Time 

*WHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ± 200 mV from steady-state voltage with load of Figure 1 B. 

4. This parameter is sampled and not 1 00% tested. 

5. At any given voltage and temperature, twLQZ max < tyVHQX min both for a 9 iven device and from device to device. 


WRITE CYCLE 2 (E Controlled, See Note 1) 


Parameter 

Symbol 

-10 

-12 

Units 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

10 

— 

12 

— 

ns 

2 

Address Setup Time 


tAS 

0 

— 

0 

— 

M3 


Address Valid to End of Write 



7 

— 

8 

— 



Enable to End of Write 

tELEH 

tew 

7 

— 

8 

— 

jj 

mm 

Enable to End of Write 

tELWH 

tew 

7 

— 

8 

— 

IIQJII 

3,4 

Data Valid to End of Write 

tDVEH 

tDW 

5 

— 

6 

— 

U9 


Data Hold Time 

tEHDX 

tDH 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 1 . A write occurs during the overlap of E low and W low. 

2. All_write cycle timings are referencedjrom the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 


AC TEST LOADS 


TIMING LIMITS 


OUTPUT (F 

1 Zn = 50 Q X 


J_ Z 0 = 50 Q n R L = 50 Q 

V L = 1.5 V 


Figure 1A 


Q — 

255 Q 


+ 5 V 



480 Q 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure IB 


The table of timing values shows either 
a minimum or a maximum limit for each pa- 
rameter. Input requirements are specified 
from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the device point of view. 
Thus, the access time is shown as a maxi- 
mum since the device never provides data 
later than that time. 
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WRITE CYCLE 1 



WRITE CYCLE 2 



Q (DATA OUT) 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 67282 WJ XX XX 

— I I Shipping Method (R2 = Tape and Reel, Blank = Rails) 

Speed (10 = 10 ns, 12 = 12 ns) 

Package (WJ = 400-mil SOJ) 


Full Part Number— MCM67282WJ10 MCM67282WJ12 

MCM67282WJ10R2 MCM67282WJ12R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

64K x 32 Bit Static Random Access 
Memory Module 

The MCM3264 is a 2M bit static random access memory module organized as 
65,536 words of 32 bits. The module is a 64-lead zig-zag in-line module consisting of 
eight MCM6209 fast static RAMs packaged in 28 J-lead small outline package (SOJ) 
and mounted on a printed circuit board along with a decoupling capacitor for each 
FSRAM. 

The MCM6209 is a high-performance CMOS fast static RAM organized as 65,536 
words of 4 bits, fabricated using high-performance silicon-gate CMOS technology. 
Static design eliminates the need for external clocks or timing strobes, while CMOS 
circuitry reduces power consumption and providesjor greater reliability. 

The MCM3264 is equipped with output enable (G) and four separate byte enable 
(E1-E4) inputs, allowing for greater system flexibility. The G input, when high, will force 
the outputs to high impedance. Ex high will do the same for byte x. 

PDO and PD1 are reserved for density expansion. PDO is open and PD1 is con- 
nected to ground internally on the module. These pins can be used to identify the 
density of the memory module. 

• Single 5 V ±1 0% Power Supply 

• Fast Access Time: 1 5/20 ns 

• Equal Address and Chip Enable Access Time 

• Three State Outputs 

• Full TTL Compatible 

• JEDEC Standard Compatible 

• Power Operation: 1240/1160 mA Maximum, Active ac 

• High Board Density ZIP Module 

• Byte Operation: Four Separate Chip Enables, One for Each Byte (Eight Bits) 

• High Quality Four Layer FR4 PWB with Separate Internal Power and Ground Plane 

• Incorporates Motorola’s State-of-the-Art QuickRAM Fast Statics 


PIN NAMES 


A0-A15 Address Inputs 

W Write Enable 

G_. ^ Output Enable 

E1-E4 Byte Enables 

DQ0-DQ31 Data Input/Output 

Vqq + 5V Power Supply 

Vgs Ground 

PD0-PD1 Package Density 

NC No Connection 


All power supply and ground pins must be connected for proper 
operation of the device. 


MCM3264 


PIN ASSIGNMENT 

64-LEAD ZIG-ZAG IN-LINE MODULE 

TOP VIEW-871 -01 

PDO [ 

2 1 

3 V SS 

DQO [ 

4 3 

] PD1 

DQ1 [ 

6 5 

] DQ8 

DQ2 [ 

8 7 

] DQ9 

DQ3 C 

10 9 

] DQ10 

v C c [ 

12 11 

] DQ11 

A1 [ 

14 13 

] AO 

A3 C 

16 15 

] A2 

A5 C 

18 17 

] A4 

DQ4 [ 

20 19 

] DQ12 

DQ5 [ 

22 21 

] DQ13 

DQ6 [ 

24 23 

] DQ14 

DQ7 [ 

26 25 

] DQ15 

W [ 

28 27 

3 V SS 

A7 [ 

30 29 

] A6 

ET [ 

32 31 

] E2 

E3 [ 

34 33 

] E4 

NC [ 

36 35 

] NC 

v ss E 

38 37 

] G 

DQ16 [ 

40 39 

] DQ24 

DQ17 C 

42 41 

] DQ25 

DQ18 C 

44 43 

] DQ26 

DQ19 C 

46 45 

] DQ27 

A9 [ 

48 47 

] A8 

All C 

50 49 

] A10 

A13 C 

52 51 

] A12 

A14 [ 

54 53 

3 V CC 

DQ20 C 

56 55 

] A15 

DQ21 [ 

58 57 

] DQ28 

DQ22 [ 

60 59 

] DQ29 

DQ23 [ 

62 61 

] DQ30 

v ss C 

64 63 

] DQ31 


QuickRAM is a trademark of Motorola, Inc. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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FUNCTIONAL BLOCK DIAGRAM 



*NC = No Connect. 
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MCM3264 TRUTH TABLE 


Ex 

G 

W 

Mode 

Vqq Current 

Output 

Cycle 

H 

X 

X 

Not Selected 

■SBI > >SB2 

High-Z 

— 

L 

H 

H 

Read 

'CCA 

High-Z 

— 

L 

L 

H 

Read 

<CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

'CCA 

D in 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vgs = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 

V 

Voltage Relative to V$s 

Vin,V 0Ut 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±30 

mA 

Power Dissipation (T A = 70°C, Vqq = 5 V, 
t AVAV = 20 ns) 

PD 

8 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°c 

Storage Temperature 

T sta 

-25 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


The devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages or 
electric fields; however, it is advised that 
normal precautions be taken to avoid 
application of any voltage higher than 
maximum rated voltages to these high 
impedance circuits. 

These CMOS memory circuits have 
been designed to meet the dc and ac 
specifications shown in the tables, after 
thermal equilibrium has been estab- 
lished. The module is in a test socket or 
mounted on a printed circuit board and 
transverse air flow of at least 500 linear 
feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ±10%, T A = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V§s = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

3.0 

Vqq + 0.3* 

V 

Input Low Voltage 

V|L 

- 0.5** 

0.0 

0.8 

V 


*V|H(max)=VQQ + 0.3V dc; Vm (max) = Vqq + 2 V ac (pulse width < 20 ns) 
**V|i_(min)=-3.0 V ac (pulse width <20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikg(i) 

— 

— 

±8 

ha 

Output Leakage Current (G, Ex = V|n, V ou t = 0 to Vqqq) 

'lkg(O) 

— 

— 

±8 

HA 

AC Active Supply Current (l 0U f = 0 mA, Cycles Times > t A \/AV m in) 

>CCA 




mA 

MCM3264-1 5: t A VAV = 15 ns 


— 

840 

1240 


MCM3264-20: t AVA v = 20 ns 


— 

760 

1160 


AC Standby Current (Ex = V^, Cycle Times > t A v A V min ) 

'SBI 




mA 

MCM3264-1 5: t A v A V = 1 5 ns 


— 

300 

400 


MCM3264-20: t A v A v = 20 ns 


— 

260 

360 


CMOS Standby Current (f = 0 MHz, Ex > Vqq - 0.2 V, All Inputs > Vqq - 0.2 V or 
<0.2V) 

'SB2 

— 

32 

160 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

— 

— 

V 


NOTE: Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

All Pins Except DQ0-DQ31 and E1-E4 

Gin 

32 

48 

PF 


E1-E4 


10 

14 


Input/Output Capacitance (DQ0-DQ31 ) | 

C|/0 

6 

8 

PF 
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MCM3264 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V 

Input Rise/Fall Time 5 ns 


Output Timing Reference Level 1 .5 V 

Output Load See Figure 1 A Unless Otherwise Noted 


READ CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

MCM3264-15 

MCM3264-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

15 

— 

20 

— 

ns 

3 

Address Access Time 

*AVQV 

tAA 

— 

15 

— 

20 

ns 


Enable Access Time 

*ELQV 

tACS 

— 

15 

— 

20 

ns 


Output Enable Access Time 

tGLQV 

tOE 

— 

8 

— 

10 

ns 


Output Hold from Address Change 

fAXQX 

tQH 

4 

— 

4 

— 

ns 


Enable Low to Output Active 

tELQX 


4 

— 

4 

— 

291 

BBS! 

Output Enable to Output Active 

tGLQX 


0 

— 

0 

— 

991 

HEH 

Enable High to Output High-Z 

^HQZ 


0 

8 


9 

991 

EBB 

Output Enable High to Output High Z 

tGHQZ 

tOHZ 

0 

7 

0 

8 

ns 

4, 5,6 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tpD 

— 

15 

— 

20 

ns 



NOTES: 

1. W is high for read cycle. _ _ 

2. E1-E4 are represented by E in these timing specifications, any combination of Exs may be asserted. 

3. All read cycle timing is referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, tEHQZ max is ,ess than *ELQX m * n > and *GHQZ max is less than tGHQX min > both for a 9 iven device 
and from device to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 1 00% tested. 


AC TEST LOADS 



V L = 1.5 V 


+ 5 V 


255 a 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 


TIMING LIMITS 

The table of timing values shows ei- 
ther a minimum or a maximum limit for 
each parameter. Input requirements are 
specified from the external system point 
of view. Thus, address setup time is 
shown as a minimum since the system 
must supply at least that much time 
(even though most devices do not re- 
quire it). On the other hand, responses 
from the memory are specified from the 
module point of view. Thus, the access 
time is shown as a maximum since the 
module never provides data later than 
that time. 


MOTOROLA MEMORY DATA 
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MCM3264 


READ CYCLE 1 (See Note) 



L * 

I 

1 

A (ADDRESS) ^ 

K 


\* l AVQX *j 


Q (DATA OUT) PREVIOUS DATA VALID ^ 

0<XX>< 


r— —— ———r— i 


r l AVUV 


NOTE: Device is continuously selected (E = V||_, G = V||_). 


READ CYCLE 2 (See Note 3) 



-* l AVAV 

A (ADDRESS) ^ 

( 

Ex (CHIP ENABLE) 

G (OUTPUT ENABLE) 

r\ / r \ at a r\ i it\ 

\ 

\ 

■*“ ' { ELQV “* 

\ 

l ELQX 

\ 


l GLQX -** 

l GLQV » 

«XXX) 




tELICCH — ^ 

l AVUV 


SUPPLY CURRENT X 

'SB K 

NOTE: Addresses valid prior to or coincident with E going low. 


MOTOROLA MEMORY DATA 
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DATA VALID 



\ 






MCM3264 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM3264-15 

MCM3264-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

15 

— 

20 

— 

ns 

3 

Address Setup Time 

tAVWL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

*AW 

12 

— 

15 

— 

ns 


Write Pulse Width 

*WLWH 

*WLEH 

tWP 

12 

— 

15 

— 

ns 


Write Pulse Width, G High 

tWLWH 

tWLEH 

t W p 

10 

— 

12 

— 

ns 


Data Valid to End of Write 

*DVWH 

*DW 

7 

— 

8 

— 

ns 


Data Hold Time 

*WHDX 

*DH 

0 

— 

0 

— 

ns 


Write Low to Data High-Z 

*WLQZ 

*wz 

0 

7 

0 

8 

ns 

4, 5,6 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

ns 

4, 5,6 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 

1 . Awnte occurs during the overlap of E low and W low. 

2. E1-E4 are represented by E in these timing specifications, any combination of Exs may be asserted. G is a don’t care when W is low. 

3. All write cycle timing is referenced from the last valid address to the first transitioning address. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. At any given voltage and temperature, twLQZ max is ,ess than tWHQX min doth * or a 9 iven device and from device to device. 


WRITE CYCLE 1 
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MCM3264 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM3264-15 

MCM3264-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

twc 

15 

— 

20 

— 

ns 

3 

Address Setup Time 

tAVEL 

tAS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

*AW 

12 

— 

15 

— 

ns 


Enable to End of Write 

tELEH 

tew 

10 

— 

12 

— 

ns 

4,5 

Enable to End of Write 

tELWH 

tew 

10 

— 

12 

— 

ns 


Data Valid to End of Write 

tDVEH 


7 

— 

8 

— 

ns 


Data Hold Time 

*EHDX 

1 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

KRSfli 

0 

— 

0 

— 




NOTES: 

1 . Awrite occurs during the overlap of E low and W low. _ _ 

2. E1-E4 are represented by E in these timing specifications, any combination of Exs may be asserted. G is a don’t care when W is low. 

3. Al|_write cycle timing is referenced frojm the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

5. If E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 


WRITE CYCLE 2 



•* t AV AV ► 


A (ADDRESS) ^ 

( ) 

< 


-* t AV EH - 





Ex (BYTE ENABLE) 


s 

7 

l 





tELEH „ 


— tEHAX 




tELWH 



W (WRITE ENABLE) 

\ 


/ 

/ 





t D vEH 

L »| t E HDX 

"•»' 'XXXXXXXXXXXXXxXXXXXX) 

< “ xxxxxxx 


Q (DATA OUT) 


HIGH Z 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 

Motorola Memory Prefix 1 

Part Number 


3264 


X XX 

! Speed (1 5 = 1 5 ns, 20 = 20 ns) 

Package (Z = ZIP Module) 


Full Part Numbers— MCM3264Z1 5 MCM3264Z20 
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MOTOROLA 

SEMICONDUCTOR hhh i 

TECHNICAL DATA 

256K x 8 Bit Static Random Access 
Memory Module 

The MCM8256 is a 2M bit static random access memory module organized as 
262,144 words of 8 bits. The module is a 60-lead zig-zag in-line package (ZIP) consist- 
ing of eight MCM6207 fast static RAMs packaged in 24 J-lead small outline package 
(SOJ) and mounted on a printed circuit board along with a decoupling capacitor for 
each FSRAM. 

The MCM6207 is a high-performance CMOS fast static RAM organized as 262,144 
words of 1 bit, fabricated using high-performance silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, while CMOS circuitry 
reduces power consumption and provides for greater reliability 
The MCM8256 is equipped with separate chip enable (E1-E2) control inputs for each 
nibble, allowing for greater system flexibility. The Ex input, when high, will force the 
outputs of nibble x to high impedance. 

PDO and PD1 are reserved for density expansion. PDO is open and PD1 is con- 
nected to ground internally on the module. These pins can be used to identify the 
density of the memory module. 

• Single 5 V ±10% Power Supply 

• Fast Access Time: 1 5/20 ns 

• Equal Address and Chip Enable Access Time 

• Three-State Outputs 

• Full TTL Compatible 

• JEDEC Standard Compatible 

• Power Operation: 1200/1120 mA Maximum, Active ac 

• High Board Density ZIP Module 

• Nibble Operation: Two Separate Chip Enables, One for Each Four Bits 

• High Quality Multi-Layer FR4 PWB with Separate Internal Power and Ground Planes 

• Incorporates Motorola’s State-of-the-Art QuickRAM Fast Statics 


PIN NAMES 


A0-A1 7 Address Inputs 

W1 Write Enable 

E1-E2 Byte Enables 

DQ0-DQ7 Data Input/Output 

Vqq + 5 V Power Supply 

Vgs Ground 

PD0-PD1 Package Density 

NC No Connection 


All power supply and ground pins must be connected for proper 
operation of the device. 


MCM8256 


PIN ASSIGNMENT 

60-LEAD ZIG-ZAG IN-LINE MODULE 

TOP VIEW - CASE 870-01 

PDO [ 

2 1 

] V SS 

NC [ 

4 3 

] PD1 

v cc E 

6 5 

] NC, 

DO [ 

8 ^ 

1 D4 

QO [ 

10 9 

] Q4 

AO [ 

12 11 

] NC 

A2 [ 

14 13 

] A1 

A4 [ 

16 15 

] A3 

A6 [ 

18 17 

] A5 

v ss E 

20 19 

] A7 

D1 [ 

22 21 

] D5 

Qi [ 

24 23 

] Q5 

w [ 

26 25 

] V CC 

A9 [ 

28 27 

] A8 

eT [ 

30 29 

1 NC 

NC [ 

32 31 

] E2 

NC C 

34 33 

] NC 

v cc E 

36 35 

] NC 

D2 [ 

38 37 

] D6 

Q2 [ 

40 39 

] Q6 

A10 C 

42 41 

1 V SS 

A12 C 

44 43 

] All 

A14 L 

46 45 

3 A13 

A16 C 

48 47 

3 A15 

NC C 

50 49 

3 A17 

D3 [ 

52 51 

3 D7 

Q3 [ 

54 53 

3 Q7 

NC 0 

56 55 

3 v C c 

NC d 

58 57 

3 NC 

v ss E 

60 59 

3 NC 


QuickRAM is a trademark of Motorola, Inc. 
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MCM8256 


FUNCTIONAL BLOCK DIAGRAM 


6 


*NC = No Connect. 
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MCM8256 


MCM8256 TRUTH TABLE 


Ex 

W 

Mode 

Vcc Current 

Input 

Output 

Cycle 

H 

X 

Not Selected 

*SB1 • >SB2 

High-Z 

High-Z 

— 

L 

H 

Read 

'CCA 

High-Z 

D out 

Read Cycle 

L 

L 

Write 

'CCA 

Cjn 

High-Z 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vgs = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to +7.0 

V 

Voltage Relative to Vqs 

Vim v out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±30 

mA 

Power Dissipation (T A = 70°C, Vqq = 5 V, 
t AVAV = 20 ns) 

P D 

8 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°c 

Storage Temperature 

T sta 

-25 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


The devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages or 
electric fields; however, it is advised that 
normal precautions be taken to avoid 
application of any voltage higher than 
maximum rated voltages to these high 
impedance circuits. 

These CMOS memory circuits have 
been designed to meet the dc and ac 
specifications shown in the tables, after 
thermal equilibrium has been estab- 
lished. The module is in a test socket or 
mounted on a printed circuit board and 
transverse air flow of at least 500 linear 
feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, T A = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgg = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

3.0 

Vqq + 0.3* 

V 

Input Low Voltage 

V| L 

- 0.5** 

0.0 

0.8 

V 


* V IH (max) = VCC + 0.3V dc; VIH (max) = VCC + 2 V ac (P ulse width ^ 20 ns ) 
**V||_(min) = -3.0 V ac (pulse width <20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikg(i) 

— 

— 

±8 

pA 

Output Leakage Current (El and E2 = V|h, V ou t = 0 to Vqq) 

'lkg(O) 

— 

— 

±8 

pA 

AC Active Supply Current (l ou t = 0 mA, Cycles Times > t A \/AV min ) 

>CCA 




mA 

MCM8256-15: ty\VAV = 15 ns 


— 

720 

1200 


MCM8256-20: t A VAV = 20 ns 


— 

640 

1120 


AC Standby Current (ET and E2 = V||_|, Cycles Times > t A \/AV min ) 

■SBI 




mA 

MCM8256-1 5: t/\VAV = 1 5 ns 


— 

300 

400 


MCM8256-20: t A \/AV = 20 ns 



260 

360 


CMOS Standby Current (f = 0 MHz, E > Vqq - 0.2 V, V in < V ss + 0.2 V or > Vqq 
- 0.2 V) 

>SB2 

— 

32 

160 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

— 

— 

V 


NOTE: Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance W and Address 

^in 

32 

48 

pF 

E1-E2 


20 

28 


D0-D7 


6 

7 


Input/Output Capacitance Q0-Q7 

c l/0 

8 

9 

PF 
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MCM8256 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1.5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

MCM8256-15 

MCM8256-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

15 

— 

20 

— 

ns 

3 

Address Access Time 

tAVQV 

*AA 

— 

15 

— 

20 

ns 


Enable Access Time 

tELQV 

*ACS 

— 

15 

_ 

20 

ns 


Output Hold from Address Change 

*AXQX 

*OH 

4 

— 

4 

— 

ns 


Enable Low to Output Active 

*ELQX 

*CLZ 

4 

— 

4 

— 

ns 

4, 5,6 

Enable High to Output High-Z 

*EHQZ 

tCHZ 

0 

8 

0 

9 

ns 

4, 5,6 

Power Up Time 

tELICCH 

tpu 

0 

— 

0 

— 

ns 


Power Down Time 

tEHICCL 

tPD 

— 

15 

— 

20 

ns 



NOTES: 

1. W is high for read cycle. _ 

2. E1-E2 are represented by E in these timing specifications, any combination of Exs may be asserted. 

3. All read cycle timing is referenced from the last valid address to the first transitioning address. 

4. At any given voltage and temperature, t^HOZ max is ,ess than *ELQX min both f° r a 9 iven device and from device to device. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

6. This parameter is sampled and not 1 00% tested. 


AC TEST LOADS 


+ 5 V 


OUTPUT (T 


R L = 50Q 

1 Zq= 50Q i ^ 

V L = 1.5 V 


255 Q 


i 


>480 Q 

> 

5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 


TIMING LIMITS 

The table of timing values shows ei- 
ther a minimum or a maximum limit for 
each parameter. Input requirements are 
specified from the external system point 
of view. Thus, address setup time is 
shown as a minimum since the system 
must supply at least that much time 
(even though most devices do not re- 
quire it). On the other hand, responses 
from the memory are specified from the 
module point of view. Thus, the access 
time is shown as a maximum since the 
module never provides data later than 
that time. 
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MCM8256 


READ CYCLE 1 (See Note) 


A (ADDRESS) 


Q (DATA OUT) 




1 

> 

( 


1 ♦ J 


p T AVQX *1 

PREVIOUS DATA VALID ^ 

&xx> 


*AVQV 


NOTE: Device is continuously selected (E = Vjl). 


READ CYCLE 2 (See Note) 



NOTE: Addresses valid prior to or coincident with E going low. 


DATA VALID 


AZ_V 


V 



tEHICCl 




MCM8256 


WRITE CYCLE 1 (W Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM8256-15 

MCM8256-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

15 

— 

20 

— 

ns 

3 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 


*AW 

12 

— 

15 

— 

ns 


Write Pulse Width 




— 


— 

ns 


Data Valid to End of Write 



7 

— 

8 

— 

ns 


Data Hold Time 



0 

— 

0 

— 

ns 


Write Low to Data High-Z 

tWLQZ 


0 

7 

0 

8 

ns 

4, 5,6 

Write High to Output Active 

tWHQX 

tow 

4 

— 

4 

— 

ns 

4, 5,6 

Write Recovery Time 

tWHAX 

tWR 

0 

— 

0 

— 

ns 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. E1-E2 are represented by E in these timing specifications, any combination of Exs may be asserted. 

3. All write cycle timing is referenced from the last valid address to the first transitioning address. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 100% tested. 

6. At any given voltage and temperature, tyyLQZ max is less than twHQX min both f° r a 9 iven device and from device to device. 


WRITE CYCLE 1 



MOTOROLA MEMORY DATA 


6-15 













MCM8256 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 2) 


Parameter 

Symbol 

MCM8256-15 

MCM8256-20 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

15 

— 

20 

— 

ns 

3 

Address Setup Time 

*AVEL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVEH 

l AW 

12 

— 

15 

— 

ns 


Enable to End of Write 

tELEH 

^CW 

10 

— 

12 

— 

ns 

4,5 

Enable to End of Write 

tELWH 

*CW 

10 

— 

12 

— 

ns 


Data Valid to End of Write 

l DVEH 


7 

— 

8 

— 



Data Hold Time 

tEHDX 

*DH 

0 

— 

0 

— 

ns 


Write Recovery Time 

tEHAX 

*WR 

0 

— 

0 

— 

ns 



NOTES: __ 

1 . Awnte occurs during the overlap of E low and W low. 

2. E1-E2 are represented by E in these timing specifications, any combination of Exs may be asserted. 

3. Alhwrite cycle timing is referenced from the last valid address to the first transitioning address. 

4. If E goes low coincident with or after W goes low, the output will remain in a high-impedance condition. 

5. If E goes high coincident with or before W goes high, the output will remain in a high-impedance condition. 


WRITE CYCLE 2 



-* *AVAV *1 


A (ADDRESS) ^ 

( . . . . 3 

( 


t AV EH - 



1 


Ex (NIBBLE ENABLE) 


\ 

7 

l 





tELEH „ 






tELWH 


— tEHAX 

W (WRITE ENABLE) 

\ 


7 

l 





tDVEH ► 

U >| l EHDX 

XXXXXXXXXXXXXXXXXXXX) 

^ DATA VALID 


XXXX> 


Q (DATA OUT) 


HIGH Z 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 

Motorola Memory Prefix 1 


X 


Speed (15 = 15 ns, 20 = 20 ns) 


Part Number 


Package (Z = ZIP Module) 


Full Part Numbers— MCM8256Z1 5 MCM8256Z20 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM32257 


Product Preview 

256K x 32 Bit Static Random 
Access Memory Module 

The MCM32257 is an 8M bit static random access memory module organized as 
262,144 words of 32 bits. The module is a 64-lead zig-zag in-line package (ZIP) 
consisting of eight MCM6229 fast static RAMs packaged in 28 J-lead small outline 
package (SOJ) and mounted on a printed circuit board along with eight decoupling 
capacitors. 

The MCM6228 is a high-performance CMOS fast static RAM organized as 262,144 
words of 4 bits, fabricated using high-performance silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, while CMOS circuitry 
reduces power consumption and provides for greatejjeliability. 

The MCM32257 is equipped with output enable (G) andjour separate byte enable 

(E1-E4) inputs, allowing for greater system flexibility. The G input, when high, will force 
the outputs to high impedance. Ex high will do the same for byte x. 

PDO and PD1 are reserved for density identification. PDO and PD1 are connected to 
ground. These pins can be used to identify the density of the memory module. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access Time: 20/25 ns 

• Three-State Outputs 

• Fully TTL Compatible 

• JEDEC Standard Pin Out 

• Power Operation: 1200/1120 mA Maximum, Active ac 

• High Board Density ZIP Package 

• Byte Operation: Four Separate Chip Enables, One for each byte (eight bits) 

• High Quality Four-Layer FR4 PWB with Separate Internal Power and Ground Planes 

• Incorporates Motorola’s State-of-the-Art Fast Static RAMs 


PIN NAMES 


A0-A17 Address Inputs 

W Write Enable 

G — Output Enable 

E1-E4 Byte Enables 

DQ0-DQ31 Data Input/Output 

Vqq + 5 V Power Supply 

Vgs Ground 

PD0-PD1 Package Density 

NC No Connect 


For proper operation of the device, V§s must be connected to 
ground. 


PIN ASSIGNMENT 

64 LEAD ZIG-ZAG IN-LINE PACKAGE 
TOP VIEW 


PDO [ 
DQO [ 
DQ1 [ 
DQ2 [ 
DQ3 [ 

Vcct 

A1[ 
A3 [ 
A5 [ 
DQ4 [ 
DQ5 [ 

DQ6 [ 
DQ7 [ 


2 

1 

] V SS 

4 

3 

] PD1 

6 

5 

] DQ8 

8 

7 

] DQ9 

10 

9 

] DQ10 

12 

11 

] DQ11 

14 

13 

] A0 

16 

15 

] A2 

18 

17 

] A4 

20 

19 

] DQ12 

22 

21 

] DQ13 


23 

1 DAI 4 

24 



26 

25 

] DQ15 

28 

27 

] V SS 

30 

29 

] A6 

32 

31 

] E2 

34 

33 

]E4 

36 

35 

] A8 

38 

37 

]5 

40 

39 

] DQ24 

42 

41 

] DQ25 

44 

43 

] DQ26 

46 

45 

] DQ27 

48 

47 

] A10 

50 

49 

] A12 

52 

51 

] A14 

54 

53 

] v C c 

56 

55 1 

] A17 

58 

57 

] DQ28 

60 

59 

] DQ29 

62 

61 

] DQ30 

64 

63 

] DQ31 






This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM32257 


FUNCTIONAL BLOCK DIAGRAM 



PD0-PD1 
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MCM32257 


MCM32257 TRUTH TABLE 


Ex 

G 

W 

Mode 

Vqq Current 

Output 

Cycle 

H 

X 

X 

Not Selected 

>SB1 or 'SB2 

High-Z 

— 

L 

H 

H 

Read 

•CCA 

High-Z 

— 

L 

L 

H 

Read 

*CCA 

D out 

Read Cycle 

L 

X 

L 

Write 

•CCA 

Din 

Write Cycle 


This devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages or 
electric fields; however, it is advised that 
normal precautions be taken to avoid 
application of any voltage higher than 
maximum rated voltages to these high 
impedance circuits. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V ss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Output Power Supply Voltage 

V CCQ 

- 0.5 to Vqq 

V 

Voltage Relative to V$s 

V in . V out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

±30 

mA 

Power Dissipation (T^ = 70°C, Vqq = 5 V, 
tKHKH = 20 n s) 

PD 

8 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperatrue 

T sta 

- 25 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


These CMOS memory circuits have been 
designed to meet the dc and ac 
specifications shown in the tables, after 
thermal equilibrium has been established. 
The module is in a test socket or mounted 
on a printed circuit board and transverse air 
flow of at least 500 linear feet per minute is 
maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = Vqqq = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V ss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 | 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

3.0 

Vqq + 
0.3* 

V 

Input Low Voltage 

V|L 

-0.5** 

0.0 

0.8 

V 


*V||_| (max) = Vqq + 0.3 Vdc; V|n (max) = Vqq + 2Vac (pulse width < 20 ns) 
**V|i_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, V, n = 0 to Vqq) 

'lkg(l) 

— 

- 

±8 

pA 

Output Leakage Current (G, Ex = V|h, V out = 0 to Vqqq) 

'lkg(O) 

- 

- 

±8 

pA 

AC Active Supply Current (G, Ex = V|i_, l ou t = 0 mA,) MCM32257-20 tAVAV = 20 ns 
Cycle time > tAVAV min) MCM32257-25 tAVAV = 25 ns 

•CCA20 

•CCA25 

_ 

— 

1120 

960 

mA 

AC Standby Current (Ex = V|p], MCM32257-20 tAVAV = 20 ns 

Cycle time > tAVAV min) MCM32257-25 tAVAV = 25 ns 

•SBI 

— 

— 

360 

320 

mA 

CMOS Standby Current (Ex > Vqq - 0.2 V, All Inputs > Vqq - 0.2 V or < 0.2 V) 

•SB2 

- 

- 

120 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

VOL 

- 

- 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

- 

- 

V 


NOTE: Good decoupling of the local power supply should always be used. 
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MCM32257 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (all pins except DQ0-DQ31 and EPf - E4) 

c in 

32 

48 

PF 

El -E4 

10 

14 


Input/Output Capacitance (DQ0-DQ31) 

Gout 

8 

9 

pF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ CYCLE TIMING (See Notes 1 and 7) 


Parameter 

Symbol 

MCM32257-20 

MCM32257-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

tRC 

20 

- 

25 

- 

ns 

2 

Address Access Time 

*AVQV 

*AA 

- 

20 

- 

25 

ns 


Enable Access Time 

*ELQV 

tACS 

- 

20 

— 

25 

ns 


Output Enable Access Time 

tGLQV 

ESS 

- 

9 

- 

10 

ns 


Output Hold from Address Change 

tAXQX 

*OH 

5 

- 

5 

- 



Enable Low to Output Active 

*ELQX 

tCLZ 

5 

- 


- 

ns 

EMM 

Output Enable to Output Active 

*GLQX 

*OLZ 

0 

- 

0 

- 

ns 

BBS 

Enable High to Output High-Z 

tEHQZ 

tCHZ 

0 

8 

0 

10 

ns 

3,4,5 

Output Enable High to Output High-Z 

tGHQZ 

tOHZ 

0 

8 

0 

10 

ns 

3,4,5 

Power Up Time 

tELICCH 

tpu 

0 

- 

0 

- 

ns 


Power Down Time 

tEHICCL 

tpD 

- 

20 

- 

25 ! 

ns 



NOTES: 

1 . W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, t[=nQZ max is less than *ELQX min - and kaHQZ max is ,ess than kaHQX min > b °th tor agiven device and 
from device to device. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 1 00%Jested. 

6. Device is continuously selected (E =V||_, G = V||_). 

7. E1-E4 are represented by E in these timing specifications, any combination of Exs may be asserted. 


READ CYCLE 1 (See Note 6 Above) 
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MCM32257 


READ CYCLE 2 (See Note) 



AC TEST LOADS 



TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 


Parameter 

Symbol 

MCM32257-20 

MCM32257-25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

20 

- 

25 

- 

ns 

2 

Address Setup Time 

tAVWL 

*AS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

tAVWH 

*AW 

15 

- 

20 

- 

ns 


Write Pulse Width 

tWLWH, 

tWLEH 

t W p 

15 

— 

20 

— 

ns 


Data Valid to End of Write 


BMW 

10 

— 

12 

- 



Data Hold Time 

tWHDX 

*DH 

0 

- 

0 

- 

ns 


Write Low to Data High-Z 

*WLQZ 

*WZ 

0 

10 

0 

12 

ns 

3,4,5 

Write High to Output Active 

*WHQX 

tow 

5 

- 

5 

- 

ns 

3,4,5 

Write Recovery Time 

*WHAX 

*WR 

0 

- 

0 

- 

ns 



N0TES: _ 

1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

4. This parameter is sampled and not 100% tested. 

5. At any given voltage and temperature, tyvLQZ max is less than *WHQX min bothjor a given device and from device to device^ 

6. E1-E4 are represented by E in these timing specifications, any combination of Exs may be asserted. G is a don't care when W is low. 



MOTOROLA MEMORY DATA 


6-22 






MCM32257 


WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


Parameter 

| Symbol 

MCM32257Z20 

MCM32257Z25 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

20 

- 

25 

- 

ns 

2 

Address Setup Time 

tAVEL 

*AS 

0 

- 

0 

— 

ns 


Address Valid to End of Write 

*AVEH 

*AW 

15 

- 

20 

— 

ns 


Enable to End of Write 

*ELEH 

tew 

15 

- 

20 

- 

ns 

3,4 

Enable to End of Write 

*ELWH 

*CW 

15 

— 

20 

— 

ns 


Write Pulse Width 

tWLEH 

t W p 

15 

- 

20 

- 

ns 


Data Valid to End of Write 

*DVEH 

*DW 

8 

- 

10 

- 

ns 


Data Hold Time 

*EHDX 

tDH 

0 

- 

0 

- 

ns 


Write Recovery Time 

*EHAX 

tWR 

0 

- 

0 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. Alh/vrite cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high impedance condition. 

4. |f_E goes high coincident with or before W goes high, the output will remain in a high impedance condition. 

5. E1-E4 are represented by E in these timing specifications, any combination of Exs may be asserted. G is a don’t care when W is low. 


A (ADDRESS) ) 

* tAVAV > 

( ) 

c 

\ 





< vWEH ► 

Ex (BYTE ENABLE) 

\ , 

r~ 


< tM/ci W tELEH w 

AVEL P tELWH 


- tEHAX 

W (WRITE ENABLE) 

; 

L 

< t WLEH 

— l DVEH H 

°«XXXXXXXXXXXXXXXXXXXXXXXXXXXX>n^ 



\< tEHDX 


Q (DATA OUT)- 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 32257 x xx 


Motorola Memory Prefix I 

Part Number 

Full Part Numbers - MCM32257Z20 


1 Speed (20 = 20 ns, 25 = 25 ns) 

Package (Z = ZIP Module) 

MCM32257Z25 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

2 x 32K x 36 Bit Static Random 
Access Memory Module 

The MCM36232 is a 2.25M bit static random access memory module organized as 
two banks of 32768 words of 36 bits. The module is a 76-lead zig-zag in-line memory 
module (ZIP) consisting of eight MCM6205 fast static RAMs packaged in 32 J-lead 
small outline package (SOJ) and mounted on a printed circuit board along with eight 
decoupling capacitors. 

The MCM6205 is a high-performance CMOS fast static RAM organized as 32768 
words of 9 bits, fabricated using high-performance silicon-gate CMOS technology. Static 
design eliminates the need for external clocks or timing strobes, while CMOS circuitry 
reduces power consumption and provides for greater reliability. __ 

The MCM36232 is equipped with four separate byte write enable (W1-W4) inputs, 
two separate bank enable (E1-E2) inputs and two separate bank output enable 
(G1-G2) inputs allowing for greater system flexibility. The Gx input, when high, will force 
the outputs of bank x to high impedance. 

PDO through PD2 are reserved for density identification. PDO is connected to ground 
and PD1 and PD2 are not connected (open). These pins can be used to identify the 
density of the memory module compared with future versions. 

• Single 5 V ± 1 0% Power Supply 

• Fast Access Time: 1 5/20 ns 

• Three-State Outputs 

• Fully TTL Compatible 

• Power Operation: 880/800 mA Maximum, Active ac 

• High Board Density ZIP Package 

• Byte Operation: Four Separate Write Enables, One for each byte (nine bits) 

• High Quality Four Layer FR4 PWB with Separate Internal Power and Ground Planes 

• Incorporates Motorola’s State-of-the-Art Fast Static RAMs 


PIN NAMES 


A0-A14 Address Inputs 

DQ0-DQ5 Data Input/Outputs 

El - E2 Bank Enables 

W1-W4 Byte Write Enables 

G1 - G2 Bank Output Enables 

PD0-PD2 Package Density Identifiers 

Vqq + 5V Power Supply 

Vgs Ground 


For proper operation of the device, Vgs must be connected to 
ground. 


MCM36232 


PIN ASSIGNMENT 

76-LEAD ZIG-ZAG IN-LINE PACKAGE 
TOP VIEW - CASE 879-01 


PDO(Vss) 
PD2 (Open) 
DQO 
DQ2 
DQ4 
DQ5 
DQ6 

V CC 

A1 

A3 

A5 

A7 

DQ10 

DQ12 

DQ14 

DQ16 

V CC 

WT 

GT 

eT 

W3 

DQ18 

DQ20 

DQ22 

DQ24 

DQ26 

V SS 

A10 

A12 

A14 

NC 

DQ28 

DQ30 

DQ32 

DQ34 

NC 

NC 

V SS 


] V SS 
] PD1 (Open) 
] NC 
] DQ1 
] DQ3 
] DQ5 
] DQ7 
] AO 
] A2 
] A4 
] A6 

] V SS 
] DQ9 
] DQ11 
] DQ13 
] DQ15 
] DQ17 
] W2 
]E2 

] G2 
] W4 

] V CC 
] DQ19 
] DQ21 
] DQ23 

] DQ25 
] A8 
] A9 
] All 
] A13 

] V CC 

] DQ27 

] DQ29 
] DQ31 
] DQ33 
] DQ35 
] NC 
] NC 


[* 

[* 

[• 

[« 

[10 

[12 
[14 
[16 
[18 
[ 20 
[ 22 
[ 24 


30 

32 

034 
[ 36 
38 


28 


42 

44 

46 

48 

50 

52 

54 

56 

p58 

60 

62 


[ 66 
[ 68 
[70 
[72 
[74 
[76 


15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

59 

61 

63 

65 

67 

69 

71 

73 

75 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM36232 TRUTH TABLE 


El 

E2 

GT 

G2 

Wx 

Mode 

Vqq Current 

Output 

Cycle 

H 

L 

X 

X 

X 

Not Selected 

'SBI or l SB2 

High-Z 

- 

L 

L 

H 

X 

H 

Read Bank 1 

'CCA- 'SB1 

High-Z 

- 

L 

L 

L 

X 

H 

Read Bank 1 

'CCA- 'SBI 

D out 

Read Cycle 

L 

L 

X 

X 

L 

Write Bank 1 

'CCA- 'SBI 

Din 

Write Cycle 

H 

H 

X 

H 

H 

Read Bank 2 

'SBI - 'CCA 

High-Z 

- 

H 

H 

X 

L 

H 

Read Bank 2 

'SBI-'CCA 

D out 

Read Cycle 

H 

H 

X 

X 

L 

Write Bank 2 

'SBI-'CCA 

D in 

Write Cycle 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V ss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Output Power Supply Voltage 

V CCQ 

- 0.5 to Vqq 

V 

Voltage Relative to Vgs 

Vin- V ou t 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

+ 30 

mA 

Power Dissipation (T^ = 70°C, Vqq = 5 V) 

PD 

5 

W 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T sta 

-25 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This devices on this module contain 
circuitry to protect the inputs against 
damage due to high static voltages or 
electric fields; however, it is advised that 
normal precautions be taken to avoid 
application of any voltage higher than 
maximum rated voltages to these high 
impedance circuits. 

These CMOS memory circuits have been 
designed to meet the dc and ac 
specifications shown in the tables, after 
thermal equilibrium has been established. 
The module is in a test socket or mounted 
on a printed circuit board and transverse air 
flow of at least 500 linear feet per minute is 
maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V ss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

3.0 

V CC + 
0.3* 

V 

Input Low Voltage 

V|L 

-0.5** 

0.0 

0.8 

V 


*V|h (max) = Vqq + 0.3 Vdc; Vjh (max) = Vqq + 2Vac (pulse width < 20 ns) 
**V|[_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

l 'kg(l) 

— 

- 

±8 

pA 

Output Leakage Current (G, Ex = V|f-j, V out = 0 to Vqqq) 

'lkg(O) 

— 

— 

±8 

pA 

AC Active Supply Current (G, Ex = V|[_, l ou t = 0 mA > 

MCM36232-15= 15 ns 

'CCA15 

— 

— 

880 

mA 

Cycle times > tAVAV min, 

MCM36232-20 = 20 ns 

'CCA20 

— 

— 

800 


only one Bank is enabled) 







AC Standby Current (El = V||_|, E2 = V|[_, 

MCM36232-1 5 = 1 5 ns 

'SBI 

— 

300 

400 

mA 

Cycle time > tAVAV min) 

MCM36232-20 = 20 ns 



260 

360 


CMOS Standby Current (Ex > Vqq - 0.2 V, All Inputs > Vqq 

- 0.2 V or < 0.2 V) 

'SB2 

- 

100 

160 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

- 

- 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

2.4 

- 

- 

V 


NOTE: Good decoupling of the local power supply should always be used. 
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CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Address 

^in 

32 

48 

PF 


W1-W4 


14 

16 



El, E2.G1.G2 


24 

32 


Input/Output Capacitance (DQ0-DQ35) j 

°l/0 

14 

16 

PF 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ CYCLE TIMING (See Notes 1 and 7) 


Parameter 

Symbol 

MCM36232Z15 

MCM36232Z20 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

*RC 

15 

- 

20 

- 

ns 

2 

Address Access Time 

*AVQV 

*AA 

- 

15 

- 

20 

ns 


Enable Access Time 

tELQV 

tACS 

— 

15 

— 

20 

ns 


Output Enable Access Time 

tGLQV 

*OE 

- 

8 

- 

10 

ns 


Output Hold from Address 

Change 

*AXQX 

tOH 

4 

— 

4 

— 

ns 


Enable Low to Output Active 

*ELQX 

*CLZ 

4 

- 

4 

- 

ns 

3,4,5 

Output Enable to Output Active 

tGLQX 

*OLZ 

0 

- 

0 

- 

ns 

3,4,5 

Enable High to Output High-Z 

tEHQZ 

tCHZ 

0 

8 

0 

9 

ns 

3,4,5 

Output Enable High to Output 
High-Z 

tGHQZ 

*OHZ 

0 

7 

0 

8 

ns 

3,4,5 

Power Up Time 

tELICCH 

tpu 

0 

- 

0 

- 

ns 


Power Down Time 

tEHICCL 

tPD 

- 

15 


20 

ns 



NOTES: 

1 . W is high for read cycle. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. At any given voltage and temperature, t^HQz max is less than tQ_Qx min > ancl *GHQZ max is ,ess 
than tQHQX min > both for a given device and from device to device. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. 

5. This parameter is sampled and not 1 00% tested. 

6. Device is continuously selected (E = Vj|_ G = V|[_)- 

7. E1-E2 are represented by E in these timing specifications; only one of the Exs may be as- 
serted.. 


READ CYCLE 1 (See Note 6 Above) 


A (ADDRESS) 

Q (DATA OUT) 


< l AVAV 

)( 


{ AXQX 

PREVIOUS DATA VALID 


l AVQV 


MEM 



DATA VALID 
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READ CYCLE 2 (See Note) 


A (ADDRESS) 


Ex (BYTE ENABLE) 


G (OUTPUT ENABLE) 


Q (DATA OUT) 


! CC 

V CC SUPPLY CURRENT 
'SB 

NOTE: Addresses valid prior to or coincident with E going low. 


6 


TIMING LIMITS 

The table of timing values shows either 
a minimum or a maximum limit for each 
parameter. Input requirements are speci- 
fied from the external system point of view. 
Thus, address setup time is shown as a 
minimum since the system must supply at 
least that much time (even though most 
devices do not require it). On the other 
hand, responses from the memory are 
specified from the module point of view. 
Thus, the access time is shown as a maxi- 
mum since the module never provides 
data later than that time. 
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WRITE CYCLE 1 (W Controlled, See Notes 1 and 6) 


Parameter 

Symbol 

MCM36232Z15 

MCM36232Z20 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Write Cycle Time 

{ AVAV 

*WC 

15 

— 

20 

- 

ns 

2 

Address Setup Time 

*AVWL 

*AS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

*AVWH 

l AW 

12 

- 

15 

- 

ns 


Write Pulse Width 

tWLWH, 

WLEH 

tWP 

12 

— 

15 

— 

ns 


Write Pulse Width, G High 

*WLWH, 

WLEH 

t W p 

10 

— 

12 

— 

ns 


Data Valid to End of Write 

*DVWH 

*DW 

7 

- 

8 

- 

ns 


Data Hold Time 

*WHDX 

*DH 

0 

- 

0 

- 

ns 


Write Low to Data High-Z 

tWLQZ 

*WZ 

0 

7 

0 

8 

ns 

3,4,5 

Write High to Output Active 

tWHQX 


4 

- 

4 

- 

ns 

3,4,5 

Write Recovery Time 

*WHAX 

E 93 

0 

- 

0 

- 

ns 



NOTES: 


1 . A write occurs during the overlap of E low and W low. 

2. All write cycle timing is referenced from the last valid address to the first transitioning address. 

3. Transition is measured ± 500 mV from steady-state voltage with load of Figure IB. 

4. This parameter is sampled and not 100% tested. 

5. At any given voltage and temperature, 1 \nlqz max * s less than twHQX min both * or a 9> ven 

device and from device to_device. _ 

6. ET-E2 are presented by E in these timing specifications; any combination of Exs may be 
asserted. G is a don't care when W is low. 
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WRITE CYCLE 2 (E Controlled, See Notes 1 and 5) 


Parameter 

Symbol 

MCM36232Z15 

MCM36232Z20 

Unit 

Notes 

Std. 

Alt. 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

*WC 

15 

- 

20 

_ 

ns 

2 

Address Setup Time 

*AVEL 

*AS 

0 

- 

0 

- 

ns 


Address Valid to End of Write 

*AVEH 

tAW 

12 

- 

15 

- 

ns 


Enable to End of Write 

*ELEH 

*ELWH 

^CW 

10 

— 

12 

— 

ns 

3,4,5 



BBS 

7 . 

- 

8 

- 

ns 


Data Hold Time 

m 

Bffl 

0 

- 

0 

- 

ns 


Write Recovery Time 

tEHAX 

*WR 

0 

- 

0 

- 

ns 



NOTES: 

1 . A write occurs during the overlap of E low and W low. 

2. AH_write cycle timing is referenced from the last valid address to the first transitioning address. 

3. If E goes low coincident with or after W goes low, the output will remain in a high-impedance 
condition. 

4. If E goes high coincident with or before W goes high, the output will remain in a high-impedence 
condition. 

5. El and E2_are represented by E injhese timing specifications; any combination of Exs may be 
asserted. G is a don’t care when W is low. 



< t A VAV > 


A (ADDRESS) ) 

( ' ) 

( 





' " " ' 1 tAVEH ► 

Ex (BYTE ENABLE) 

\ / 

i 


^ tAUCI tELEH 

AVEL ^ *ELWH 


“ t£HAX 

W (WRITE ENABLE) 

; 

L 

< twLEH > 

P — tDVEH » 


3 (XXXXXXX 


k l EHDX 


Q (DATA OUT)- 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 36232 x xx 


Motorola Memory Prefix 1 

Part Number 

Full Part Numbers - MCM36232Z1 5 


Speed (15 =15 ns, 20 = 20 ns) 

Package (Z = ZIP Module) 

MCM36232Z20 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


4K x 4 Bit Cache Address Tag 
Comparator 

The MCM4180 is a 16,384 bit cache address tag comparator organized as 4096 
tags of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS tech- 
nology. The device integrates a 4K x 4 SRAM core with an on-board comparator for 
efficient implementation of a cache memory. 

The device has a CLR pin for flash clear of the RAM, useful for system initializa- 
tion. 

The MCM4180 compares RAM contents with current input data. The result is ei- 
ther an active high MATCH level for a cache hit, or an active low level for a cache 
miss. 

The MCM4180 is available in 22 lead plastic DIP and 24 lead SOJ packages. 

• Single 5 V ± 1 0% Power Supply 

• Fast Address to MATCH Time: 1 8/20/22/25 ns max 

• Fast Data to MATCH TIME: 1 0/1 0/1 0/1 2 ns max 

• Fast Read of Tag RAM Contents: 20/22/25/30 ns max 

• Flash Clear of the Tag RAM (CLR Pin) 

• Pin and Function Comaptible with MK41 H80 


BLOCK DIAGRAM 



MCM4180 



PLASTIC 
CASE 736A 


J PACKAGE 
300 MIL SOJ 
CASE 81 0A 



PIN ASSIGNMENT 



DUAL-IN-LINE 



A4 [ 

1 • 

22 

] 

V CC 

A5 [ 

2 

21 

] 

A3 

A6 [ 

3 

20 

] 

A2 

A? [ 

4 

19 

] 

A1 

A8 [ 

5 

18 

] 

AO 

A9 [ 

6 

17 

] 

CLR 

A10 [ 

7 

16 

] 

DQ3 

All [ 

8 

15 

] 

DQ2 

5[ 

9 

14 

1 

DQ1 

W [ 

10 

13 

] 

DQO 

v ss t 

11 

12 

] 

MATCH 

SMALL OUTLINE 


A4 [ 

1 • 

24 

] 

V CC 

A5 [ 

2 

23 

] 

A3 

A6 [ 

3 

22 

] 

A2 

A7 [ 

4 

215 

] 

A1 

A8 [ 

5 

20 

1 

AO 

A9 [ 

6 

19 

] 

NC 

NC [ 

7 

18 

] 

CLR 

A10 [ 

8 

17 

1 

DQ3 

All [ 

9 

16 

) 

DQ2 

G [ 

10 

15 

] 

DQ1 

W [ 

11 

14 

] 

DQO 

V SS [ 

12 

13 

1 

MATCH 
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TRUTH TABLE 


w 

G 

CLR 

DQ0-DQ3 

MATCH 

Mode 

H 

H 

H 

Compare Dj n 

Valid 

Compare 

L 

X 

H 

Din 

Assert 

Write 

H 

L 

H 

D out 

Assert 

Read 

X 

X 

L 

High-Z 

Assert 

Clear 


X = Don’t Care 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to these high impedence circuits. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V ss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 

V 

Voltage Relative to Vqs for Any Pin 

Except Vqq 

v in> v out 

- 0.5 to Vqq + 0.5 

V 

Output Current MATCH Output 

I/O Pins, per I/O 

but 

±40 

±20 

mA 

Power Dissipation (T A = 25°C) 

PD 

1.0 

W 

Operating Temperature 

Ta 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, T A = 0to + 70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Referenced to V ss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

- 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|i_ (min) = - 0.5 V dc; V||_ (min) = - 2.0 V ac (pulse width < 20 ns). 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs Vj n = 0 to Vqq) 

'fkg(l) 

- 

±1.0 

pA 

Output Leakage Current, Except MATCH Output (G = Vjh, V out = 0 to Vqq) 

'lkg(O) 

- 

±1.0 

ttA 

AC Supply Current (l ou t = 0 mA, All Inputs = V||_ or V||_j, Cycle Time > t A \/AV min ) 

'CCA 

- 

140* 

mA 

Output Low Voltage (I/O Pins: Iql = 8-0 mA, MATCH Output: Iql = 12.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (I/O Pins: Iqh = - 4.0 mA, MATCH Output: Iqh = - 10.0 mA) 

v OH 

2.4 

- 

V 


*Iqq active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power dissipation of 
the device. Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Djn 

4 

5 

pF 

I/O Capacitance 

c out 

5 

7 

PF 

MATCH Output Capacitance 

Dmatch 

6 

7 

pF 
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MCM4180 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5 V ± 1 0%, T A = 0to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V 

Input Rise/Fall Times 5 ns 


Output Timing Measurement Reference Level 1 .5 V 

Output Load (I/O Pins) See Figure la 

Output Load (MATCH Output) See Figure 1c 


READ CYCLE (See Notel) 


Parameter 

Symbol 

MCM4180-18 

MCM41 80-20 

MCM41 80-22 

MCM41 80-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

fRC 

20 

- 

22 

- 

25 

- 

30 

- 

ns 


Address Access Time 

tAVQV 

*AA 

- 

20 

- 

22 

- 

25 

- 

30 

ns 


G Access Time 

fGLQV 

fOEA 

- 

11 

— 

12 

- 

12 

- 

12 

ns 


Output Hold from Address Change 

*AXQX 

tOH 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


G Low to Output Active 

fGLQX 

*OEL 

3 

- 

3 

- 

5 

- 

5 

- 

ns 

2 

G High to Output High-Z 

tGHQZ 

fOEZ 

- 

7 

- 

co 

- 

CD 

- 

mm 

■a 

2 

G Low to MATCH Assert 

fGLMX 

fCH 

0 

8 

0 

10 

0 

10 

0 

12 

ns 



NOTES: 

1 . CLR = V|f-j, W = V||-j continuously during read cycles. 

2. Transition is measured ± 500 mV from steady state voltage with load of Figure 1 b. This parameter is sampled and not 1 00% tested. 


READ CYCLE 


(ADDRESS CONTROLLED) 


(G CONTROLLED) 



3C 


DATA VALID 


MATCH 


(ASSERTED) 




AC TEST LOADS 
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WRITE CYCLE (See Notel) 


Characteristic 

Symbol 

MCM4180-18 

MCM41 80-20 

MCM41 80-22 

MCM41 80-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*wc 

20 

- 

22 

- 

25 

- 

30 

- 

ns 


Write Pulse Width 

*WLWH 

t W EW 

12 

— 

14 

_ 

18 

- 

20 

- 

ns 


Address Setup to Beginning of 

Write 

*AVWL 

*AS 

0 

— 

0 

_ 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

l AW 

16 

- 

16 

- 

18 

- 

20 

— 

ns 


Data Valid to End of Write 

*DVWH 

*DS 

10 

— 

10 

- 

10 

- 

12 

- 

ns 


Data Hold from Write End 

tWHDX 

l DH 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Write Low to Output High-Z 

tWLQZ 

tHZ 

0 

8 

0 

8 

0 

9 

0 

10 

ns 

2 

Address Hold from Write End 

tWHAX 

tWAH 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Write Low to MATCH Assert 

*WLMX 

tWCH 

- 

20 

0 

15 | 

0 

15 

0 

15 

ns 


Write High to MATCH Valid 

*WHMV 

tWCA 

- 

20 

- 

20 

- 

22 

- 

25 

ns 


Write High to Output Active 

*WHQX 

tLZ 

3 

— 

3 

- 

5 

— 

5 

— 

ns 

2 


N0TES: 

1 . A write occurs during the overlap of W low and CLR high. 

2. Transition is measured ± 500 mV from steady state voltage with load of Figure 1 b. This parameter is sampled and not 1 00% tested. 


WRITE CYCLE 


MATCH 



(ASSERTED) 


X 


(FROM A COMPARE CYCLE) 
{ AVAV 


X 


{ AVWH ' 


(G = V| H ) 


l AVWL 




tWLWH ' 


l DVWH ' 


tWHAX 


T 


l WHDX 









niun-*. 



tyVLMX 


! fyVHMV 


MATCH VALID 

K 

r 
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CLEAR CYCLE (See Note 1) 


Characteristic 

Symbol 

MCM4180-18 

MCM41 80-20 

MCM41 80-22 

MCM41 80-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

CLR Low to Inputs Recognized A 
(Clear Cycle Time) G 

W 
D 

*CLAV 

tCLGV 

tCLWV 

tCLDV 

*CR 

tCR 

*CR 

*CR 


70 


70 


70 


70 


1 

CLR Pulse Width 

tCLCH 



- 

z 

— 

m 

— 


- 

ns 

« 

CLR Low to Inputs Don’t Care A 
G 
D 
W 

tCLAX 

*CLGX 

tCLDX 

tCLWX 

X X X X 

0 

■ 

0 

1 

i 

1 


1 


1 

CLR Low to MATCH Assert 

tCLMX 

*MH 

0 

■a 

0 

o 

0 

15 

0 

1 

H3I 


CLR Low to Output High-Z 


tcz 

- 

IB 

- 

■a 

- 

15 

- 

■a 

d 

3 


NOTES: _ _ 

1 . The address, data, W, and G inputs are a don’t care during a clear cycle. 

2. The clear cycle is initiated at the falling edge of CLR. 

3. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


CLEAR CYCLE 


(FROM A READ CYCLE) 



(FROM A COMPARE CYCLE) 
|*- { CLAX • 







* ” *CLAV n 


(G-Vih) 


" l CLCH ^ / 

\ z / 


tCLWX - * 



i 


k 

tCLDX"^ 

tCLWV * 



sxxxxxxxa 

f 

i 



* tCLDV H 


tCLMX ‘ 

1 


MATCH 


(ASSERTED) 


MATCH VALID 


7 
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t AVMV, ACCESS TIME (NORMALIZED) I CCA, ACTIVE SUPPLY CURRENT(NORMALIZED) tj I CCA, ACTIVE SUPPLY CURRENT (NORMALIZED) 


MCM4180 



4.0 4.5 5.0 5.5 6.0 

V cc , SUPPLY VOLTAGE (VOLTS) 



-50 -10 0 25 50 70 90 130 


t A, AMBIENT TEMPERATURE (°C) 


gure 2. Active Supply Current versus Supply Voltage 


Figure 3. Active Supply Current versus Temperature 



20 22 24 26 28 30 

tAVAV- CYCLE TIME (ns) 

Figure 4. Active Supply Current versus Cycle Time 



50 100 150 200 250 300 

t A, AMBIENT TEMPERATURE (°C) 

Figure 5. Address to MATCH Access Time versus 
MATCH AC Test Load Capacitance of Figure 1c 




4.0 4.5 5.0 5.5 6.0 

Vcc- SUPPLY VOLTAGE (VOLTS) 



-50 0 25 50 70 150 

t A, AMBIENT TEMPERATURE (°C) 


Figure 6. Address to MATCH Access Time versus 
Supply Voltage 


Figure 7. Address to MATCH Access Time versus 
Temperature 
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t WLWH, WRITE LOW TO WRITE HIGH (NORMALIZED) tGLQV, ACCESS TIME (NORMALIZED) t DVMV, ACCESS TIME (NORMALIZED) 


MCM4180 



4.0 4.5 5.0 5.5 6.0 

V cc , SUPPLY VOLTAGE (VOLTS) 

Figure 8. Data to MATCH Access Time 
versus Supply Voltage 



4.0 4.5 5.0 5.5 6.0 

V CC , SUPPLY VOLTAGE (VOLTS) 

Figure 10. Output Enable to MATCH Access Time 
versus Supply Voltage 



V cc , SUPPLY VOLTAGE (VOLTS) 

Figure 12. Write Pulse Width versus Supply Voltage 



t A, AMBIENT TEMPERATURE (°C) 


Figure 9. Data to MATCH Access Time 
versus Temperature 



t A, AMBIENT TEMPERATURE (°C) 

Figure 11. Output Enable to MATCH Access Time 
versus Temperature 



Figure 13. Write Pulse Width versus Temperature 
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Figure 14. Data Setup Time versus Supply Voltage Figure 15. Data Setup Time versus Temperature 



4.0 4.5 5.0 5.5 6.0 

Vqc, SUPPLY VOLTAGE (VOLTS) 

Figure 16. Input High Voltage versus Supply Voltage 



4.0 4.5 5.0 5.5 6.0 

Vqq, SUPPLY VOLTAGE (VOLTS) 

Figure 17. Input Low Voltage versus Supply Voltage 



1.0 


1.4 1.8 2.2 2.6 3.0 3.4 3.8 4.2 4.6 5.0 

V out , OUTPUT VOLTAGE (VOLTS) 



q 1 I I I I I 1 I I 1 

0.0 0.2 0.4 0.6 0.8 1.0 

V out , OUTPUT VOLTAGE (VOLTS) 


Figure 18. Output Source Current versus 
Output Voltage 


Figure 19. Output Sink Current versus 
Output Voltage 
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ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 4180 


XX XX 


Motorola Memory Prefix - 
Part Number 


n 


- Shipping Method (R2 = Tape & Reel, Blank = Rails) 

- Speed (18 = 18 ns, 20 = 20 ns, 22 = 22 ns, 25 = 25 ns) 


• Package (P = Plastic DIP, J = Plastic SOJ) 


Full Part Numbers — MCM41 80P1 8 MCM41 80P20 

MCM4180J18 MCM4180J20 

MCM4180J18R2 MCM4180J20R2 


MCM4180P22 

MCM4180J22 

MCM4180J22R2 


MCM4180P25 

MCM4180J25 

MCM4180J25R2 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


16K x 4 Bit Synchronous Static RAM 
with Output Registers 


The MCM6293 is a 65,536 bit synchronous static random access memory 
organized as 1 6,384 words of 4 bits, fabricated using Motorola’s second-generation 
high-performance silicon-gate CMOS (HCMOS III) technology. The device integrates 
input registers, high speed SRAM, and high-drive capability output registers onto a 
single monolithic circuit for reduced parts count implementation of cache data RAM 
and writeable control store applications. It is well suited for telecommunications 
switches and test equipment. 

Synchronous design allows precise cycle control with the use of an external clock 
(K), while CMOS circuitry reduces the overall power consumption of the integrated 
functions for greater reliability. 

The address (A0-A13), data (D0-D3), write (W), and chip enable (E) inputs are all 
clock (K) controlled, positive-edge-triggered, noninverting registers. 

The MCM6293 provides output register operation. At the rising edge of K, the RAM 
data from the previous K high cycle is presented. This function is well suited to fully 
pipelined applications. 

Write operations are internally self-timed and initiated by the rising edge of the K 
input. This feature eliminates complex off-chip write pulse generation and provides 
increased flexibility for incoming signals. 

The MCM6293 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 
28-pin plastic SOJ package. 

• Single 5 V ± 1 0% Power Supply 

• Fast Cycle Times: 20/25 ns Max 

• Fast Clock (K) Access Times: 1 0 ns Max 

• Address, Data Input, E, and W Registers On-Chip 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

• High Board Density SOJ Package Available 

• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, 

Data Cache, or Cache Tag 

BLOCK DIAGRAM 



-Q0 


-Q2 


-Q3 


V SSQ — * 1 


MCM6293 



P PACKAGE 
300 MIL PLASTIC 
CASE 71 0A 



NJ PACKAGE 
300 MIL SOJ 
CASE 81 0B 


PIN ASSIGNMENT 

A5 [ 

1 • 

28 

] 

vcc 

A6 [ 

2 

27 

] 

A4 

A7 [ 

3 

26 

] 

A3 

A8 [ 

4 

25 

] 

A2 

A9 [ 

5 

24 

] 

A1 

A10 [ 

6 

23 

] 

AO 

All [ 

7 

22 

] 

D3 

A12 [ 

8 

21 

] 

D2 

A13 [ 

9 

20 

] 

Q3 

DO [ 

10 

19 

] 

Q2 

D1 [ 

11 

18 

] 

Q1 

e[ 

12 

17 

] 

Q0 

k[ 

13 

16 

] 

W 

V SS [ 

14 

15 

] 

V SSQ* 

*For proper operation of the device, both 

Vgs and VssQ must be connected to 
ground. 



PIN NAMES 


A0-A13 Address Inputs 

W Write Enable 

E Chip Enable 

D0-D3 Data Inputs 

Q0-Q3 Data Outputs 

K Clock Input 

Vqq + 5V Power Supply 

Vgs Ground 

VgsQ Output Buffer Ground 


MOTOROLA MEMORY DATA 


7-13 













MCM6293 


TRUTH TABLE 


I 

W 

Operation 

Q0-Q3 

L 

L 

Write 

High Z 

L 

H 

Read 

D out 

H 

X 

Not Selected 

High Z 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to the K rising 
edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = VSSQ = 0 v ) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 

V 

Voltage Relative to Voq/Vocq for Any 

Pin Except V CC 

Vin> v out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

± 20 

mA 

Power Dissipation (T A = 25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

Ta 

0 to + 70 

°C 

Storage Temperature 

Jstg 

-55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high impedence circuit. 

This is a synchronous device. All 
synchronous inputs must meet the 
specified setup and hold times with 
stable logic levels for ALL rising 
edges of clock (K) while the device is 
selected. 

This device contains circuitry that 
will ensure the output devices are in 
High Z at power up. Care should be 
taken by the user to ensure that all 
clocks are at V| l or V| h du ri ng power 
up to prevent spurious read cycles 
from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS {Voltages referenced to V§s = VgsQ = ® V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

V C C + 0-3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|[_ (min) = - 0.5 V dc; V||_ (min) = - 3.0 V ac (pulse width < 20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

ha 

Output Leakage Current (E = V|h, V out = 0 to Vqq, Outputs must be high-Z) 

'lkg(O) 

- 

±1.0 

|iA 

AC Supply Current (E = V|i_, l ou t = 0 mA, All Inputs = Vjh or Vji_, 

Cycle Time > tKHKH min ) 

>CCA 

— 

140 

mA 

Standby Current (E = V|h; Other Inputs = V|h £ 3.0 V or V||_ < 0.4 V; l out = 0 mA, 

Cycle Time > tKHKH min ) 

•SBI 

— 

55 

mA 

Output Low Voltage (Iol = 12 0 mA ) 

v OL 

- 

0.4 

V 

Output High Voltage (Iqh = - 1 0.0 mA) 

VOH 

2.4 

- 

V 


CAPACITANCE (f = 1 .0 Mhz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cin 

4 

6 

PF 

Output Capacitance 

c out 

7 

10 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5 0 v ±10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6293-20 

MCM6293-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Read Cycle Time 

*KHKH 

20 

- 

25 

— 

ns 

2 

Clock Access Time 

fKHQV 

- 

10 

- 

10 

ns 

3 

Output Active from Clock High 

tKLQX 

0 

- 

0 

- 

ns 

4 

Clock High to Q High Z (E = Vjh) 

fKLQZ 

- 

10 

- 

10 

ns 

4 

Clock Low Pulse Width 

tKLKH 

5 

- 

5 

— 

ns 


Clock High Pulse Width 

fKHKL 

5 

— 

5 

- 

ns 


Setup Times for: E 

A 

W 

*EVKH 

*AVKH 

fWHKH 

5 


5 


ns 

5 

Hold Times for: E 

A, 

W 

*KHEX 

fKHAX 

tKHWX 

3 

" 

3 

■ 

ns 

5 


N0TES: 

1 . A read is defined by W high and E low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled not 100% tested. At any given 
voltage and temperature, tKHQZ max is less than *KHQX min f° r a 9 iven device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising edges 
of clock (K) while the device is selected. 


AC TEST LOADS 
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READ CYCLE 1 (See Notel) 



READ CYCLE 2 (See Note 1) 



NOTES: 

1 . The outputs Q n - 3 and Q n - 2 are derived from two previous read cycles where W = V|h and E = V|l for those cycles. 
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WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM6293-20 

MCM6293-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Write Cycle Time 

*KHKH 

20 

— 

25 

- 

ns 

2 

Clock High to Output High Z (W = V| L ) 

tKLQZ 

- 

10 

- 

10 

ns 

3 

Setup Times for: E 

A 

W 

D 

tEVKH 

*AVKH 

tWLKH 

l DVKH 

5 


5 


ns 

4 

Hold Times for: E 

A 

W 

D 

*KHEX 

*KHAX 

tKHWX 

*KHDX 

3 


3 


ns 

4 


NOTES: 

1 . A write is performed when W and E are both low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 


3. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled not 1 00% tested. At any given 
voltage and temperature, t^HOZ max is ,ess than tKHQX min for a 9 iven device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising edges 
of clock (K) while the device is selected. 


WRITE CYCLE 


K (CLOCK) j 

x 

l KHKH > 

V , 

l 


? 

/ 

- tEVKH 

tEVKH- 


“ tKHKL — *KLI 

' l KHEX l EVKH J 

KH * 


- *KHEX 


E (CHIP ENABLE) 

\ 

i 

7/AW1 

S 

/ 

mv 

\ 


tAVKH — 



’ *KHAX ‘AVKH- 



" l KHAX 


- tAVKH 

A (ADDRESS) >(XX) 

CD 

(XXXA) 

y A n + 1 ^ 

(XXXXXX) 

A n + 2 

tyVLKH - 



- l KHWX tWLKH- 

\ 

/ 

- tKHWX 


-tWLKH 

W (WRITE ENABLE) \\\^ 

s 

i 


777WV 

\ 


tDVKH-^ 



' *KHDX tDVKH- 



- tKHDX 


- tDVKX 

D (DATA IN) <XX) 

( ) 

(mm 

( D n + 1 ^ 


( D n + 2 



f KHQV \* 

tKHQZ 

y HIGH-Z — 

S 

Q (DATA OUT) Q n -2 

/ 

K Qn_i 
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-75 -50 -25 0 25 50 75 100 125 150 

T Ai AMBIENT TEMPERATURE (°C) 

Figure 7. Read Cycle Time versus Temperature 



-75 -50 -25 0 25 50 75 100 125 150 

T a , AMBIENT TEMPERATURE (°C) 

Figure 8. Clock Access Time versus Temperature 


APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to provide a performance and parts count advantage in applications such 
as writeable control stores, memory mapping, and cache memory. The on-board input registers eliminate the need for external latch 
chips in systems where addresses and data are not on the bus long enough to satisfy standard SRAM setup and hold times. 
Registers on the output port provide extended hold times independent of address or other device input changes to better meet 
system access requirements. The clock (K) input controls the operation of the input registers and output registers, and provides 
a direct means of synchronizing the SRAM to a system clock. 

The MCM6293 offers registered output operation. On the rising edge of the clock (K) signal, the output data for the previous cycle 
is latched until the next rising clock edge. 

Figure 9 shows a typical system configuration using four MCM6293 chips. The system addresses are tied to the MCM6293s in 
parallel, while system data is distributed among the four input data ports of 4 bits each. Output data is tied to a separate output data 
bus to exploit the separate I/O configuration of the MCM6293. The clock (K) signal is a logical derivation of the system clock. 

Figure 1 0 shows typical bus timing for the configuration of Figure 9. The system bus supplies address, data, and control signals, 
while accepting data from the memory on rising clock edges. In some applications, the clock (K) signal may need to be a delayed 
system clock to allow adequate address and data setup times. 
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ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 


Motorola Memory Prefix 


6293 X XX XX- 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Part Number 


Speed (20 = 20 ns, 25 = 25 ns) 


Package (P = Plastic DIP, NJ = Plastic SOJ) 


Full Part Numbers — MCM6293P20 
MCM6293P25 


MCM6293NJ20 

MCM6293NJ25 


MCM6293NJ20R2 

MCM6293NJ25R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM6294 


1 6K x 4 Bit Synchronous Static RAM 

with Output Registers and Output Enable 

The MCM6294 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli- 
cations. Synchronous design allows precise cycle control with the use of an external clock 
(K), while CMOS circuitry reduces the overall power consumption of the integrated func- 
tions for greater reliability. It is well suited for telecommunications switches and test 
equipment. 

The address (A0-A13), data (D0-D3), and write (W) inputs are all clock (K) controlled, 
positive-edge-triggered, noninverting registers. 

The MCM6294 provides output register operation. At the rising edge of K, the RAM 
data from the previous K high cycle is presented. This function is well suited to fully pipe- 
lined applications. 

The output enable (G) provides asynchronous bus control for common I/O or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6294 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 20/25 ns Max 

• Fast Clock (K) Access Times: 10 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Output Enable for Asynchronous Bus Control 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

• High Board Density SOJ Package Available 

• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 


BLOCK DIAGRAM 


A0-A13 


ADDRESS 

REGISTERS 


D0-D3 


DATA 

REGISTERS 


WRITE 

ENABLE 

REGISTER 


CLOCK 

INPUT 


OUTPUT 

ENABLE 

BUFFER 




16K x 4 


ROW 

DECODERS 


MEMORY MATRIX 
128 ROWS x 

512 COLUMNS 


- 






cun 

1 

WRITE PULSE 1 
GENERATOR 


EZE 


COLUMN I/O 


COLUMN 

DECODERS 


" V CC 


rr~l 

Tte" 


OUTPUT 
REGISTERS! 1 


gr 


Q2 


Q3 


V SSQ - 



PIN ASSIGNMENT 

A5 [ 

1 • 

28 

3 vcc 

A6 [ 

2 

27 

]A4 

A7 [ 

3 

26 

] A3 

A8 [ 

4 

25 

] A2 

A9 [ 

5 

24 

JA1 

A10 [ 

6 

23 

]A0 

All [ 

7 

22 

]D3 

A12 [ 

8 

21 

]D2 

A13 [ 

9 

20 

]Q3 

DO [ 

10 

19 

]Q2 

DIE 

11 

18 

]Q1 

G[ 

12 

17 

]qo 

K[ 

13 

16 

]W 

vsst 

14 

15 

1 V SSQ* 

*For proper operation of the 
device, both Vgs ar >d VgsQ 
must be connected to ground. 


PIN NAMES 


A0-A13 Address Inputs 

W Write Enable 

G Output Enable 

D0-D3 Data Inputs 

Q0-Q3 Data Outputs 

K Clock Input 

Vcc + 5 V Power Supply 

V§S Ground 

VssQ Output Buffer Ground 
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TRUTH TABLE 


G 

W 

Operation 

Q0-Q3 

X 

L 

Write 

High Z 

L 

H 

Read 

D out 

H 

H 

Output Disable 

High Z 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. The value 15 is an asynchronous input. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss ==v SSQ~° v > 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to ^SS^SSQ f° r Any 

Pin Except Vcc 

Vim V 0 ut 

-0.5 to Vcc + 0- 5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T A =25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature 

T sta 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V CC = 5.0 V ± 10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to VSS = VSSQ"0 V) 


Parameter 



Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

vcc 


5.0 

5.5 

V 

Input High Voltage 

V| H 

mem 

- 

V C C +0.3 

V 


V|L 

-0.5* 

- 

0.8 

V 


*V||_ (min) = -0.5 V dc; V|j_ (min) = -3.0 V ac (pulse width ^20 ns) 


DC CHARACTERISTICS 


Parameter 



Max 


Input Leakage Current (All Inputs, Vj n =0 to Vcc) 

'llcfl(l) 

- 

±1.0 


Output Leakage Current (G = V|h# V out = 0 to Vcc# Outputs must be high-Z) 

•ika(O) 

- 

±1.0 

A 

AC Supply Current (<j = V{|_, l O ut = 0 mA, Cycle Time = t|<|-|KH min ) 

•CCA 

- 

140 

mA 

Output Low Voltage 0 ol = 12.0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (IqH" -10.0 mA) 


2.4 

- 

V 


CAPACITANCE (f =1.0 MHz, dV=3.0 V, T A =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

c in 

4 

6 

PF 


■ss 

7 

10 

pF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6294-20 

MCM6294-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

20 

- 

25 

- 

ns 

2 

Clock Access Time 

*KHQV 

- 

10 

- 

10 

ns 

3 

Output Active from Clock High 

*KHQX 

0 

- 

0 

- 

ns 

4 

Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

ns 


Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

ns 


Setup Times for: A 

W 

*AVKH 

tWHKH 


- 

5 

- 

SB 

H 

Hold Times for: A 

W 

*KHAX 

tKHWX 

B 

- 

3 

- 


■a 

<5 High to Q High Z 

tGHQZ 

- 

10 

- 


ns 

4, 6 

(a Low to Q Active 

tGLQX 

0 

- 

0 

- 

ns 

4, 6 

G Low to Q Valid 

tGLQV 

- 

10 

- 

10 

ns 



NOTES: _ 

1 . A read is defined by W high for the setup and hold times. 

2. All read cycle timing is referenced from K or from G. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

6. At any given voltage and temperature, tQj-iQz max is less than tQLOX m ' n f° r a 9' ven device. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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WRITE CYCLE (W Controlled, See Note 1) 


Parameter 



MCM6294-25 

Unit 

Notes 




Max 

Write Cycle Time 


20 

- 

25 

- 

ns 

2 

Clock High to Output High Z (W=V|l) 


- 

10 

- 

10 

ns 

3 

3 High to Q High Z 

tGHQZ 

- 

10 

- 

10 


4 

Setup Times for: A 

W 

D 

s|| 

ill 

5 

■ 


■ 



Hold Times for: A 

W 

D 

tJCHAX 

tKHWX 

tKHDX 


■ 


■ 


5 


NOTES: _ 

1 . A write is performed when W is low for the specified setup and hold times. 

2. All write cycle timing is referenced from K or from <5. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. At any given voltage and temperature, t|<HQZ max is 
less than t|<HQX m ' n for a given device. 

4. G becomes a don't care signal for successive writes after the first write cycle. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

WRITE CYCLE 1 


(SEPARATE I/O MODE) 


(COMMON I/O MODE) 
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MCM6294 



f, FREQUENCY (MHz) 

Figure 2. Active Supply Current versus Frequency 



t a , AMBIENT TEMPERATURE (°C) 


Figure 3. Active Supply Current versus Temperature 



pi ... _J I I I I £=*1 I I I 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

V ou t, OUTPUT VOLTAGE (VOLTS) 

ire 4. Output Source Current versus Output Voltage 



V out , OUTPUT VOLTAGE (VOLTS) 

Figure 5. Output Sink Current versus Output Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

T A , AMBIENT TEMPERATURE (°C) 

Figure 6. Read Cycle Time versus Temperature 



-75 -50 -25 0 25 50 75 100 125 150 

T A , AMBIENT TEMPERATURE (°C) 

Figure 7. Clock Access Time versus Temperature 


MOTOROLA MEMORY DATA 


7-28 





M CM 6294 



-75 -50 -25 0 25 50 75 100 125 150 

T A , AMBIENT TEMPERATURE (°C) 

Figure 8. Output Enable Time versus Temperature 


Motorola Memory Prefix - 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6294 X XX XX 




L 


-Shipping Method (R2 = Tape & Reel, Blank -Rails) 
-Speed (20 = 20 ns, 25 = 25 ns) 

-Package (P = Plastic DIP, NJ = 300 mil SOJ) 


Full Part Numbers- MCM6294P20 
MCM6294P25 


MCM6294NJ20 MCM6294NJ20R2 
MCM6294NJ25 MCM6294NJ25R2 
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APPLICATIONS INFORMATION 

The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli- 
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Registers on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output registers, and provides a direct means of syn- 
chronizing the SRAM to a system clock. 

The MCMS294 offers registered output operation. On the 


rising edge of the clock (K) signal, the output data for the 
previous cycle is latched until the next rising clock edge. 

Figure 9 shows a typical system configuration using four 
MCM6294 chips. The system addresses are tied to the 
MCM6294s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con- 
figuration of the MCM6294. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 



BUS 

♦From read/ write controller. 


Figure 9. Typical Configuration for a 16-Bit Bus 
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SYSTEMGENERATED 



NOTES: 

1. The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 

2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 

Figure 10. Pipeline System Timing 
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MOTOROLA 

wm SEMICONDUCTOR 

TECHNICAL DATA 

1 6K x 4 Bit Synchronous Static RAM 

with Transparent Outputs and Output Enable 



The MCM6295 is a 65,536 bit synchronous static random access memory organized as 
16,384 words of 4 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM and writeable control store appli- 
cations. The MCM6295 is well suited for applications involving the MC68030, MC68040, 
and AMD29K microprocessors. It is ideal for burst mode or pipelined bus applications. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (A0-A13), data (D0-D3), and write (W) inputs are all clock (K) controlled, 
positive-edge-triggered, noninverting registers. 

The MCM6295 provides transparent output operation when K is low for access of RAM 
data within the same cycle (output data is latched when K is high). 

The output enable (G) provides asynchronous bus control for common I/O or bank 
switch applications. 

Write operations are internally self-timed and initiated by the rising edge of the K input. 
This feature eliminates complex off-chip write pulse generation and provides increased 
flexibility for incoming signals. 

The MCM6295 is available in a 300-mil, 28-pin plastic DIP as well as a 300-mil, 28-pin 
plastic SOJ package. 

• Single 5 V ± 10% Power Supply 

• Fast Access and Cycle Times: 25/30 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Transparent Output Latch for Access Within the Same Cycle 

• Output Enable for Asynchronous Bus Control 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

• High Board Density SOJ Package Available 

• Typical Applications: General-Purpose Buffer Storage, Writeable Control Store, Data 

Cache, or Cache Tag 


BLOCK DIAGRAM 
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REGISTERS 
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DATA 
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MEMORY MATRIX 
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^1 

r. 



- 

1 
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MCM6295 



300 MIL PLASTIC 
CASE 710A 




NJ PACKAGE 
300 MIL SOJ 
CASE 810B 


PIN ASSIGNMENT 

A5 [ 

1 • 

28 

3 V CC 

A6[ 

2 

27 

] A4 

A7 [ 

3 

26 

]A3 

A8[ 

4 

25 

]A2 

A9[ 

5 

24 

]A1 

A10 E 

6 

23 

] AO 

All [ 

7 

22 

]D3 

A12 £ 

8 

21 

] 02 

A13 £ 

9 

20 

]Q3 

DO E 

10 

19 

3 02 

DIE 

11 

18 

]Q1 

G[ 

12 

17 

]qo 

K[ 

13 

16 

]W 

vssE 

14 

15 

3vssq* 

*For proper operation of the 
device, both Vgs and VssQ 
must be connected to ground. 


PIN NAMES 


A0-A13 Address Inputs 

W Write Enable 

G Output Enable 

D0-D3 Data Inputs 

Q0-Q3 Data Outputs 

K Clock Input 

Vcc + 5 V Power Supply 

Vss Ground 

VgsQ Output Buffer Ground 
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TRUTH TABLE 


5 

W 

Operation 

Q0-Q3 

X 

L 

Write 

High Z 

L 

H 

Read 

D out 

H 

H 

Output Disabled 

High Z 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. The value G is an asynchronous input. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss~ v SSQ =0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/ V SSQ for Any 

Pin Except Vcc 

Virv V ou t 

-0.5 to Vcc + 0.5 

V 

Output Current (per I/O) 

^out 

±20 

mA 

Power Dissipation (T A = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

t a 

Oto +70 

°c 

Storage Temperature 

I§!s 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V|l or Vjh 
during power up to prevent spurious read 
cycles from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = v SSQ-0 v ) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 


V 

Input Low Voltage 

V|L 

-0.5* 

- 

1 0.8 | 

V 


*V[|_ (min) = -0.5 V dc; V|i_ (min)= -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 



Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

*lka(l) 

- 

±1.0 

/tA 

Output Leakage Current (S=V|H, V ou t = 0 to Vcc> Outputs must be in high-Z) 


- 

±1.0 

pA 

AC Supply Current (<j = V||_, lout~0 mA ' Cycle Timeart^HKH m in) 


- 

140 

mi 

Output Low Voltage (Iql-12.0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh - - 10.0 mA) 

Vqh 

2.4 

- 

V 


CAPACITANCE (f =1.0 MHz, dV=3.0 V, T A =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 


Input Capacitance 

Cjn 

4 

6 

PF 

Output Capacitance 

c out 

7 

10 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM6295-25 

MCM6296-30 


Notes 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

25 

- 

30 

- 

■ 

2 

Clock Access Time 

tKHQV 

- 

25 

- 

30 

ns 

4,6 

Data Valid from Clock Low 

tKLQV 

- 

10 

- 

13 

ns 


Output Hold from Clock Low 

HG355H 

0 

- 

0 

- 

ns 


Clock Low Pulse Width 

tKLKH 

5 

- 

5 




Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

ns 


Setup Times for: A 

W 


5 

- 

H 

- 

B 

■ 

Hold Times for: A 

W 

tKHAX 

tKHWX 

3 

- 


- 

B 

H 

5 High to Q High Z 

tGHQZ 

- 

10 

- 


BSi 

8 

G Low to Q Active 

tGLQX 

0 

- 

0 

- 

ns 

8 

G Low to Q Valid 

tGLQV 

- 

10 

- 

13 

ns 



NOTES: 

1. A read is defined by W high for the setup and hold times. 

2. All read cycle timing is referenced from K or from G. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. 

4. For Read Cycle 1 timing, clock high pulse width <(tKHQV -t KLQV)- 

5. For Read Cycle 2 timing, clock high pulse width S:(tKHQV _t KLQV^ 

6. K must be at a low level for outputs to transition. 

7. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

8. At any given voltage and temperature, tQHOZ max ' s !ess than tQLOX min - both for a given device and from device to device. 


AC TEST LOADS 




Figure 1A Figure IB 
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READ CYCLE 1 (See Note 1) 




NOTES: 

1. For Read Cycle 1 timing, clock high pulse width <(tKHQV~ t KLQ\A 

2. For Read Cycle 2 timing, clock high pulse width ^(tKHQV -t KLQV^ 
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WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM6295-25 

MCM6295-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Write Cycle Time 

tKHKH 

25 

- 

30 

- 

ns 

2 

Clock Low to Output High Z (W = V|l> 

tKLQZ 

- 

10 

- 

13 

ns 

3 

G High to Q High Z 

tGHQZ 

- 

10 

- 

13 


4 

Setup Times for: A 

W 

D 



■ 


■ 


5 

Hold Times for: A 

W 

D 



■ 


■ 




N0TES: 

1 . A write is performed when W is low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. K must be at a low level for outputs to transition. 

4. G becomes a don't care signal for successive writes after the first write cycle. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 




t KHKL ► 

r — 

tKLK 

H ► 


K 

/ 

( 


\ 


/ 

L 

\ 



t K H 

; 

IKH ► 





s 

5 | 

| 


B 

tKHAX 


» IB 



wmmm 



9 

1 

| 


B 

tKHDX 





wmmm 




BW 

HH 

s 


| tKHWX 


M 


WMMMMMft 

SHE 


uHttf/m 

Q0-Q3 PREVIOUS DATA 

> 

tKLQZ 

HiGH z 
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MCM6295 



f. FREQUENCY (MHzl 

Figure 2. Active Supply Current versus Frequency 



t a , AMBIENT TEMPERATURE (°C) 

Figure 3. Active Supply Current versus Temperature 



0 I I I I I I ta— I I 1 

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

V outf OUTPUT VOLTAGE (VOLTS) 

ire 4. Output Source Current versus Output Voltage 



V out , OUTPUT VOLTAGE (VOLTS) 


Figure 5. Output Sink Current versus Output Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

T A , AMBIENT TEMPERATURE (°C) 

Figure 6. Read Cycle Time versus Temperature 



-75 -50 -25 0 25 50 75 100 125 150 

T A , AMBIENT TEMPERATURE (°C) 

Figure 7. Clock Access Time versus Temperature 


MOTOROLA MEMORY DATA 


7-37 








MCM6295 



-75 -50 -25 0 25 50 75 100 125 150 

T A , AMBIENT TEMPERATURE |°C) 

Figure 8. Output Enable Time versus Temperature 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 6295 X XX XX 


Motorola Memory Prefix - 
Part Number 


T. 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (25 = 25 ns, 30 = 30 ns) 

Package (P = 300 mil Plastic DIP, NJ = 300 mil SOJ) 


Full Part Numbers- MCM6295P25 
MCM6295P30 


MCM6295NJ25 MCM6295NJ25R2 

MCM6295NJ30 MCM6295NJ30R2 
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APPLICATIONS INFORMATION 


The Motorola family of synchronous SRAMs is designed to 
provide a performance and parts count advantage in appli- 
cations such as writeable control stores, memory mapping, 
and cache memory. The on-board input registers eliminate the 
need for external latch chips in systems where addresses and 
data are not on the bus long enough to satisfy standard SRAM 
setup and hold times. Latches on the output port provide 
extended hold times independent of address or other device 
input changes to better meet system access requirements. The 
clock (K) input controls the operation of the input registers 
and output latches, and provides a direct means of synchro- 
nizing the SRAM to a system clock. 

The MCM6295 offers transparent output operation, which 
allows output data access within the same tKHKH cycle. This 
feature lends itself well to applications requiring RAM data to 


be set up on the system bus prior to the next rising clock edge. 
On the rising edge of the clock (K) signal, the output data for 
the previous cycle is latched until the next falling clock edge. 
When the clock (K) signal is low, the output is allowed to 
transition relative to the most recent rising clock (K) edge. 

Figure 9 shows a typical system configuration using four 
MCM6295 chips. The system addresses are tied to the 
MCM6295s in parallel, while system data is distributed among 
the four input data ports of 4 bits each. Output data is tied to 
a separate output data bus to exploit the separate I/O con- 
figuration of the MCM6295. The clock (K) signal is a logical 
derivation of the system clock. 

Figure 10 shows typical bus timing for the configuration of 
Figure 9. The system bus supplies address, data, and control 
signals, while accepting data from the memory on rising clock 
edges. In some applications, the clock (K) signal may need to 
be a delayed system clock to allow adequate address and data 
setup times. 



BUS 

*From read/ write controller. 



Figure 9. Typical Configuration for a 16-Bit Bus 


MOTOROLA MEMORY DATA 


7-39 








MOTOROLA MEMORY DATA 


D 

SYSTEM-GENERATED 



NOTES: 

1 . The system supplies address, data, and control information and accepts data from memory on the rising edge of the system clock. 

2. The memory clock is delayed 10 ns (for this example) to allow input information to propagate to the memory chips. 


Figure 10. Nonpipeline System Timing 
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Product Preview 

DSPRAM™ 

8Kx24 Bit Fast Static RAM 


The MCM56824 is a 196,608 bit static random access memory organized as 
8,192 words of 24 bits, fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. The device integrates an 8Kx24 SRAM core with multiple chip 
enable inputs, output enable, and an externally controlled single address pin multi- 
plexer. These functions allow for direct connection to the Motorola DSP56001 Digital 
Signal Processor and provide a very efficient means for implementation of a re- 
duced parts count system requiring no additional interface logic. __ 

The availability of multiple chip enable (ET and E2) and output enable (G) 


MCM56824 



FN PACKAGE 
52-LEAD PLCC 
CASE 778 


inputs provides for greater system flexibility when multiple devices are used. 
With either chip enable input unasserted, the device will enter standby mode, 
useful in low-power applications. A single on-chip multiplexer selects A12 or 
X/Y as the highest order address input depending upon the state of the V/S 
control input. This feature allows one physical static RAM component to 
efficiently store program and vector or scalar operands by dynamically re- 
partitioning the RAM array. Typical applications will logically map vector oper- 
ands into upper memory with scalar operands being stored in lower memory. 
By connecting DSP56001 address A15 to the VECTOR/SCALAR (V/S) MUX 
control pin, such partitioning can occur with no additional components. This 
allows efficient utilization of the RAM resource irrespective of operand type. 
See application diagrams at the end of this document for additional 
information. - f + * 

Multiple power and ground pins have been utilized to minimize effects 
induced by output noise. 

The MCM56824 is available th a 52 pin plastic leaded chip-carrier (PLCC). 

• Single 5 V ±1 0% Power Supply 

• Fast Access and Cycle Times: 25/35 ns Max 

• Fully Static Read and Write Operations 

• Equal Address and Chip Enable Access Times 

• Single Bit On-Chip Address Multiplexer 

• Active High and Active Low Chip Enable Inputs 


PIN ASSIGNMENT 




DQOC 8 
DQ1 [ 
DQ2[ 




nnn nnnn nnn 

/ 7 6 5 4 3 


_ 10 
vs$yii 
12 
13 


DQ3C 
DG4C 
DQ5[ 14 
DQ6C 15 
DQ7[ 16 
DQ8 [ 

VssC 

DQ9 [ 
DQ10 [ 


2 1 52 51 50 49 48 47 
* 46]DQ23 


45] DQ22 
44] DQ21 
43] Vss 
42] QQ20 
41 ] DQ19 
40] DQ18 
39] DQ17 
38] DQ16 
37] DQ15 
36] Vss 
35] DQ14 

20 21 22 23 24 25 26 27 28 29 30 31 32 3^ 0013 

LU L_1 L_JIZJI_JLJ U U L_J LU TUTZJ LJ 

§2 a5*i°£g|siSii*2g 



• Output Enable Controlled Three State Outputs 

• High Board Density PLCC Package 

• Low Power Standby Mode 

• Fully TTL Compatible 


PIN NAMES 

A0-A11 . . . 

Address Inputs 

A12.X/Y .. 

Multiplexed Address 

V/S 

Address Multiplexer Control 

W 

Write Enable 

E1.E2 .... 

Chip Enable 

G 

Output Enable 

DQ0-DQ23 

Data Input/Output 

Vcc 

+5 V Power Supply 

vss 

Ground 

NC 

No Connection 


For proper operation of the device, all V§s 
pins must be connected to ground. 


DSPRAM is a trademark of Motorola, Inc. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 


MOTOROLA MEMORY DATA 






M CM 56824 


BLOCK DIAGRAM 



TRUTH TABLE 


eT 

E2 

G 

w 

V/S 

Mode 

Supply Current 

I/O Status 

H 

X 

X 

X 

X 

Not Selected 

'SB 

High-Z 

X 

L 

X 

X 

X 

Not Selected 

'SB 

High-Z 

L 

H 

H 

H 

X 

Output Disable 

*cc 

High-Z 

L 

H 

L 

H 

H 

Read Using X/Y 

'cc 

Data Out 

L 

H 

L 

H 

L 

Read Using A1 2 

'cc 

Data Out 

L 

H 

X 

L 

H 

Write Using X/Y 

'cc 

Data In 

L 

H 

X 

L 

L 

Write Using A12 

'cc 

Data In 


NOTE: X = don't care. 

ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 

V 

Voltage Relative to Vss 

Vim V 0 ut 

-0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T^ = 70°C, Vqq = 5 V, 
tAVAV = 50 ns) 

Pd 

1.75 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

T stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for ex- 
tended periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be tak- 
en to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 

This CMOS memory circuit has been 
designed to meet the dc and ac specifi- 
cations shown in the tables, after ther- 
mal equilibrium has been established. 
The circuit is assumed to be in a test 
socket or mounted on a printed circuit 
board with at least 300 LFPM of trans- 
verse air flow being maintained. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V S s = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

[23 1 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

mm 

Input High Voltage 

V| H 

2.2 

3.0 

Vcc+0-3 

mm 

Input Low Voltage 

V|L 

-0.5* 

0.0 

0.8 

mm 


*V|i_(min) = -3.0 V ac (pulse width £20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

im 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

'lkg(i) 

- 

±1.0 

E9 

Output Leakage Current (G = Vm, ET = V|h> E2 = V|i_, V ou t = 0 to Vcc) 

'ikg(O) 

- 

±1.0 

B9 

AC Supply Current (G = V|h, ET = V||_, E2 = V|h, lout = 0 mA > 

All Other Inputs £ V|[_ = 0.0 V and Vjh 2: 3.0 V) MCM56824-25 Cycle Time: >25 ns 

MCM56824-35 Cycle Time: £35 ns 

ICCA 

■ 

250 

180 

mA 

Standby Current (Ef = V|h, E2 = V|l, All Inputs = V||_ or Vm) 


— 

15 


CMOS Standby Current (E? > VcC~°- 2 V, E2 £ 0.2 V, All Inputs £ Vcc -0 - 2 V or £ 0.2 V) 

»SB2 

- 

10 

mA 

Output Low Voltage (loL = +8.0 mA) 

VOL 

— 

0.4 

mm 

Output High Voltage (Iqh = - 4 0 mA ) 

VOH 

2.4 

— 

mm 


CAPACITANCE (f * 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


| Parameter j 

Symbol 

Typical 

Max 


Input Capacitance 

All Pins Except DQ0-DQ23 

^in 

4 

6 

mm 

Input/Output Capacitance 

DQ0-DQ23 

c i/o 

6 

8 

[...£ 1 



V L = 1.5V 


AC TEST LOADS 

+5 V 



FIGURE 1 A 


FIGURE IB 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 v ±1 °° /o » Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ CYCLE TIMING (See Notes 1 , 2, 3) 


Parameter 

Symbol 

MCM56824-25 

MC56824-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

25 

— 

35 

— 



Address Access Time 

*AVQV 

tAA 

— 

25 

— 

35 



MUX Control Valid to Output Valid 

tySVQV 

tAA 

— 

25 

— 

35 

m 


Chip Enable to Output Valid 

tEl LQV 
tE2HQV 

tACI 

tAC2 

— 

25 

— 

35 


■ 

Output Enable to Output Valid 

tGLQV 

tOE 

— 

10 

— 

15 

UJQH 


Output Active from Chip Enable 



2 

— 

0 

— 


a 

Output Active from Output Enable 

tGLQX 

tOLZ 

0 

— 

0 

— 


5 

Output Hold from Address Change 

tAXQX 

tOH 

5 

— 

5 

— 

JH 


Output Hold from MUX Control Change 

tVSXQX 

tVSOH 

5 

— 

5 

— 

HS 


Chip Enable to Output High Z 

tEIHQZ 

tE2LQZ 

tCHZ 

0 

15 

0 

15 

ns 

4,5 

Output Enable High to Output High Z 

tGHQZ 

tOHZ 

0 

15 

0 

15 

ns 

5 


NOTES: 

1 . A read cycle is defined by W high. 

2. All read cycle timings are referenced from the last valid address or vector/scalar transition to the first address or vector/scalar transition. 

3. Addresses valid prior to or coincident with E1_ going low or E2 going high. 

4. El in the timing diagrams represents both El and E2 with El asserted low and E2 asserted high. 

5. Transition is measured ±500 mV from steady-state voltage with ioad of Figure 1 B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, t£i HQZ max is l ess than tEl LQX m i n > t E2LQZ max is l ess than t E2HQX m i n > anc * tGHQZ max is l ess than 
tQLQX min for a given device and from device to device. 

READ CYCLE 



-* t A VAV ► 


A (ADDRESS) ^ 

( ) 

( 


r tAVQV H tAXQX -i 

H 


V/S (MUX CONTROL) 


El (CHIP ENABLE) 


S (OUTPUT ENABLE) 


Q (DATA OUT) 


X 


tVSVQV ' 


\ 


HIGH-Z 


tEl LQV 


X 


tGLQX- 


tGLQV 


tEl LQX 


: <XXSK 


X 


tVSXQX - 




tEIHOZ ' 


X 


tGHQZ 


DATA VALID 


3 


HIGH-Z 
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WRITE CYCLE TIMING, WRITE ENABLE INITIATED (See Note 1) 


Parameter 

Symbol 

MCM56824-25 



Notes 



Min 

Max 



Write Cycle Time 


■ 

25 

— 

35 

— 

ns 


Address Setup Time 

*AVWL 

tAS 

0 

— 

0 

— 


2 

MUX Control Setup Time 

tVSVWL 

tvss 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

tAW 

20 

— 

30 

— 

ns 


MUX Control Valid to End of Write 


tvsw 

20 

— 

30 

— 

IB9I 


Write Pulse Width 



15 

— 


— 

■ 

KB 

Write Enable to Chip Enable Disable 

tWLEIH 

tWLE2L 

tew 

, 15 

— 


— 


Hll 

Chip Enable to End of Write 



15 

— 

20 

— 

ns 

3,4 

Data Valid to End of Write 

■SI I 

■C5 ■ 

10 

— 

15 

— 

ns 


Data Hold Time 

tWHDX 

tDH 

0 

— 

0 

— 


5 

Write Recovery Time 

*WHAX 

tWR 

0 

— 

0 

— 

ns 

2 

MUX Control Recovery Time 



0 

— 

0 

— 

ns 


Write High to Output Low Z 

tWHQX 

tWLZ 

5 

— 

5 

— 

ns 

6 

Write Low to Output High Z 

tWLQZ 

tWHZ 

0 

15 

0 

15 

ns 

6 


N° TES: __ __ __ 

1 . A write cycle starts at the latest transition of El low, W low, or E2 high. A write cycle ends at the earliest transition of IT high, W high, or E2 

low. _ 

2. Write must be high for all address and V/S transitions. 

3. If W goes low coincident with or prior to ET low or E2 high the outputs will remain in a high-impedance state. 

4. ET in the timing diagrams represents both ET and E2 with ET asserted low and E2 asserted high. 

5. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at this time. 

6. Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tEiHQZ max is less than *E1 LQX min, tE2LQZ max is ,ess than tE2HQX min, and tGHQZ max is ,ess than 
tQLQX min for a given device and from device to device. 



A (ADDRESS) 


V/S (MUX CONTROL) 


ET (CHIP ENABLE) 


W (WRITE ENABLE) 


D (DATA IN) 


Q (DATA OUT) 


3 ( 


3 £ 




h- tVSVWL ■ 


tAVWL 


1 


WE INITATED WRITE CYCLE 

l AVAV 


tAVWH ' 


tWHAX • 


X 


tVSVWH ' 


*E1LWH 


tWLWH 


tDVWH ' 


*WHVSX - 


I 


tWHDX H 


X 


f 


XXXXXXXXXXXXXT 


VALID DATA IN 


-tWLQZ 


1XXXXXXX> 


tWHQX • 


HIGH-Z 




HIGH-Z 




tWLEIH ' 


MOTOROLA MEMORY DATA 
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MCM56824 


WRITE CYCLE TIMING, CHIP ENABLE INITIATED (See Note 1) 


Parameter 

Symbol 

MCM56824-25 

MC56824-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 


Write Cycle Time 

»AVAV 

twc 

25 

— 


— 

ns 


Address Setup Time 

toVEIL 

1AVE2H 

tAS 

0 

— 

0 

— 

ns 

2 

MUX Control Setup Time 

tVSVEIL 

tVSVE2H 

tvss 

0 

— 

0 

— 

ns 

2 

Address Valid to End of Write 

*AVE1H 

tAVE2L 

tAW 

20 

— 

30 

— 

ns 

2 

MUX Control Valid to End of Write 

tVSVEIH 

tVSVE2L 

tvsw 

20 

— 

30 

— 

ns 

2 

Chip Enable to End of Write 


tew 

15 

— 

20 

— 

ns 

2,3 

Data Valid to End of Write 

*DVE1H 

tDVE2L 

tDW 

10 

— 

15 

— 

ns 

2 

Data Hold Time 

tEIHDX 

t E2LDX 

tDH 

0 

— 

0 

— 

ns 

a 

Write Recovery Time 

tEIHAX 

tE2LAX 

tWR 

0 

— 

0 

— 

ns 

2 

MUX Control Recovery Time 

tEIHVSX 

t E2LVSX 

tVSR 

0 

— 

0 

— 

ns 

2 


NOTES: _ __ 

1 . A write cycle starts at the latest transition of El low, W low, or E2 high. A write cycle ends at the earliest transition of El high, W high, or E2 
low . 

2. E1_in the timing diagrams represents both El and E2 with El asserted low and E2 asserted high. 

3. If W goes low coincident with or prior to El low or E2 high the outputs will remain in a high-impedance state. 

4. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at this time. 


El OR E2 INITIATED WRITE CYCLE 



Q (DATA OUT) 


HIGH-Z 


MOTOROLA MEMORY DATA 
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MCM56824 


MCM56824 DSPRAM Multiplexed Vector/Scalar Address Maps 



V/S = T V/S = “0" 





MOTOROLA MEMORY DATA 
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MCM56824 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 



Speed (25 = 25 ns, 35 = 35 ns) 
Package (FN = PLCC) 


Full Part Numbers: MCM56824FN25 MCM56824FN35 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM56824A 


Product Preview 

DSPRAM™ 

8Kx24 Bit Fast Static RAM 

The MCM56824A is a 196,608 bit static random access memory organized as 
8,192 words of 24 bits, fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. The device integrates an 8Kx24 SRAM core with multiple chip 
enable inputs, output enable, and an externally controlled single address pin multi- 
plexer. These functions allow for direct connection to the Motorola DSP56001 Digital 
Signal Processor and provide a very efficient means for implementation of a re- 
duced parts count system requiring no additional interface logic. 

The availability of multiple chip enable (ET and E2) and output enable (G) 
inputs provides for greater system flexibility when multiple devices are used. 

With either chip enable input unasserted, the device will enter standby mode, 
useful in low-power applications. A single on-chip multiplexer selects A12 or 
X/Y as the highest order address input depending upon the state of the V/S 
control input. This feature allows one physical static RAM component to 
efficiently store program and vector or scalar operands by dynamically re- 
partitioning the RAM array. Typical applications will logically map vector oper- 
ands into upper memory with scalar operands being stored in lower memory. 

By connecting DSP56001 address A15 to the VECTOR/SCALAR (V/S) MUX 
control pin, such partitioning can occur with no additional components. This 
allows efficient utilization of the RAM resource irrespective of operand type. 

See application diagrams at the end of this document for additional 
information. 

Multiple power and ground pins have been utilized to minimize effects 
induced by output noise. 

The MCM56824A is available in a 52 pin plastic leaded chip-carrier (PLCC). 

• Single 5 V ±1 0% Power Supply 

• Fast Access and Cycle Times: 20/25/35 ns Max 

• Fully Static Read and Write Operations 

• Equal Address and Chip Enable Access Times 

• Single Bit On-Chip Address Multiplexer 



FN PACKAGE 
52-LEAD PLCC 
CASE 778 


PIN ASSIGNMENT 


: < <c > 


I C/5 < 





S 

1 1 1 1 ii ini ii ii ii ii ii ii li i 

7 6 5 4 3 2 1 52 51 50 49 48 47 

DQO [ 

8 

• 46] 

DQ1 [ 

9 

45] 

DQ2 [ 

10 

44] 

vssC 

11 

43] 

DQ3C 

12 

42] 

DQ4C 

13 

41] 

DQ5 C 

14 

40] 

DQ6 [ 

15 

39] 

DQ7[ 

16 

38] 

DQ8[ 

17 

37] 

VssC 

18 

36] 

DQ9 [ 

19 

35] 

DQ10C 

20 

21 22 23 24 25 26 27 28 29 30 31 32 3^ 


J I 1 1 1 1 1 1 I L 1 1 1 1 1 1 1 1 I 

2 3£3^8j8|££Jlssgg 



• Active High and Active Low Chip Enable Inputs 

• Output Enable Controlled Three State Outputs 

• High Board Density PLCC Package 

• Low Power Standby Mode 

• Fully TTL Compatible 


PIN NAMES 


A0-A11_ Address Inputs 

A1_2, X/Y Multiplexed Address 

V/S Address Multiplexer Control 

W Write Enable 

ET, E2 Chip Enable 

G Output Enable 

DQO-DQ23 Data Input/Output 

Vcc +5 V Power Supply 

Vss Ground 

NC No Connection 


For proper operation of the device, all Vgg 
pins must be connected to ground. 


DSPRAM is a trademark of Motorola, Inc. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 


MOTOROLA MEMORY DATA 






MCM56824A 


BLOCK DIAGRAM 



TRUTH TABLE 


ET 

E2 

G 

W 

V/S 

Mode 

Supply Current 

I/O Status 

H 

X 

X 

X 

X 

Not Selected 

>SB 

High-Z 

X 

L 

X 

X 

X 

Not Selected 

'SB 

High-Z 

L 

H 

H 

H 

X 

Output Disable 

•cc 

High-Z 

L 

H 

L 

H 

H 

Read Using X/7 

«CC 

Data Out 

L 

H 

L 

H 

L 

Read Using A1 2 

icc 

Data Out 

L 

H 

X 

L 

H 

Write Using X/Y 

•cc 

Data In 

L 

H 

X 

L 

L 

Write Using A1 2 

icc 

Data In 


NOTE: X=don’t care. 

ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vss=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to V$s 

v in< v out 

-0.5 to Vqq+0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta=70°C, Vqc= 5 V, 
tAVAV=50 ns) 

Pd 

1.75 

W 

Temperature Under Bias 

"•bias 

-10 to +85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature 

T stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGSareex- 
eeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be tak- 
en to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 

This CMOS memory circuit has been 
designed to meet the dc and ac specifi- 
cations shown in the tables, after ther- 
mal equilibrium has been established. 
The circuit is assumed to be in a test 
socket or mounted on a printed circuit 
board with at least 300 LFPM of trans- 
verse air flow being maintained. 


MOTOROLA MEMORY DATA 
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M CM 56824 A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±1 0%, Ta = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=0 V) 


Parameter 

EEE51 


Typ 


Esni 

Supply Voltage (Operating Voltage Range) 


! 4 ' 5 

5.0 

1 5.5 

mm 

Input High Voltage 

n 

P'-, J 

3.0 


mm 

Input Low Voltage 

1 V 'L 1 

-0.5* 

0.0 

I 08 1 



*V|L(mln) = -3.0 V ac (pulse width £20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 


Input Leakage Current (All Inputs, Vj n = 0 to Vqc) 

'lkg(i) 

- 

±1.0 

pA 

Output Leakage Current (G = V|h, ET = V|H, E2 = V|i_, V ou t = 0 to Vqc) 

hkg(O) 

- 

±1.0 

pA 

AC Supply Current (G = Vm, ET = V|l, E2 = V|H, lout = 0 mA . 

All Other Inputs > V|l = 0.0 V and V|H > 3.0 V) MCM56824A-20 Cycle Time: >20 ns 

MCM56824A-25 Cycle Time: >25 ns 
MCM56824A-35 Cycle Time: >35 ns 

ICCA 

■ 

280 

250 

180 


Standby Current (El = Vm, E2 = V|l, All Inputs = V|l or Vjh) 

ISBI 

— 

15 


CMOS Standby Current (ET > Vcc~0-2 V, E2 £ 0.2 V, All Inputs > Vcc-0-2 V or < 0.2 V) 


- 

10 

mA 

Output Low Voltage (Iol = +8.0 mA) 

VOL 

— 

0.4 

mm 

Output High Voltage (Iqh = -4 0 mA) 

VOH 

2.4 

- 

mm 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter | 

Symbol 

Typical 

Max 

Unit 

Input Capacitance 

All Pins Except DQ0-DQ23 

c in 

4 

6 

pF 

Input/Output Capacitance 

DQO-DQ23 

c i/o 

6 

8 

PF 


OUTPUT- 


/\ \ = 50 Q 

4r Zo= 50 a 4r > 


V L = 1.5 V 


FIGURE 1 A 


AC TEST LOADS 


+5V 



FIGURE IB 


MOTOROLA MEMORY DATA 
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MCM56824A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ CYCLE TIMING (See Notes 1, 2, 3) 


Parameter 

Symbol 

MCM56824A-20 

MCM56824A-25 

MC56824A-35 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 


Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

20 

— 

mm 

— 

35 

— 

1291 


Address Access Time 

*AVQV 

*AA 

— 

20 

— 

25 

— 

35 

29 


MUX Control Valid to Output Valid 

tVSVQV 

*AA 

— 

20 

— 

25 

— 

35 

999 


Chip Enable to Output Valid 

tEILQV 

*E2HQV 

oo 

ro -*■ 

— 

20 

— 

25 

— 

35 

ns 

4 

Output Enable to Output Valid 

tGLQV 

*OE 

— 

8 

— 

10 

— 

15 

909 


Output Active from Chip Enable 

*E1LQX 

tE2HQX 

tCLZ 

2 

— 

2 

— 

0 

— 

ns 

D 

Output Active from Output Enable 

kaLQX 

tOLZ 

19 

— 

0 

— 

■j 

— 


5 

Output Hold from Address Change 

tAXQX 

*OH 

4 

— 

5 

— 

5 

— 

909 


Output Hold from MUX Control 

Change 

tVSXQX 

tVSOH 

■ 

— 

5 

— 

5 

— 

ns 


Chip Enable to Output High Z 

»E1HQZ 

tE2LQZ 

tCHZ 

H 

10 

0 

15 

0 

15 

ns 

n 

Output Enable High to Output High Z 

tGHQZ 

tOHZ 

0 

8 

0 

15 

0 

15 

9EH 

KM 


N0TES: 

1 . A read cycle is defined by W high. 

2. All read cycle timings are referenced from the last valid address or vector/scalar transition to the first address or vector/scalar transition. 

3. Addresses valid prior to or coincident with El going low or E2 going high. 

4. El in the timing diagrams represents both El and E2 with El asserted low and E2 asserted high. 

5. Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, t£iHQZ max is less than tg-j lqx min, tE2LQZ max is less than t£2HQX min, and tQHQZ max is less than 
tQLQX min for a given device and from device to device. 


READ CYCLE 



MOTOROLA MEMORY DATA 



















































































MCM56824A 


WRITE CYCLE TIMING (Write Enable Initiated, See Note 1) 


Parameter 

Symbol 

MCM56824A-20 

MCM56824A-25 

MC56824A-35 

m 


Standard 

Alternate 

Min 

Max 

Min 

Max 



Write Cycle Time 

tAVAV 

twc 

20 

— 

25 

— 


— 

■ 


Address Setup Time 

l AVWL 

tAS 

0 

— 

0 

— 

0 

— 


2 

MUX Control Setup Time 

tVSVWL 

tvss 

0 

— 

0 

— 

0 

— 



Address Valid to End of Write 

tAVWH 

tAW 

15 

— 

20 

— 

30 

— 



MUX Control Valid to End of Write 

tVSVWH 

tvsw 

15 

— 


— 

30 

— 

■ 


Write Pulse Width 

tWLWH 

tWP 

15 

— 


— 

20 

— 


a 

Write Enable to Chip Enable Disable 

tWLEIH 

tWLE2L 

tew 

15 

— 

15 

— 


— 

ns 

a 

Chip Enable to End of Write 

11 

tew 

15 

— 

15 

— 


— 

ns 

a 

Data Valid to End of Write 

tDVWH 

tDW 

8 

— 

10 

— 

15 

— 

ns 


Data Hold Time 

tWHDX 

tDH 

0 

— 

0 

— 

0 

— 


5 

Write Recovery Time 



0 

— 

0 

— 

0 

— 

991 

2 

MUX Control Recovery Time 

tWHVSX 

tVSR 

0 

— 

0 

— 

0 

— 

99 


Write High to Output Low Z 

tWHQX 

tWLZ 

4 

— 

5 

— 

5 

— 


6 

Write Low to Output High Z 

tWLQZ 

tWHZ 

0 

15 

0 

15 

0 

15 

ns 

6 


NOTES: 

1 . A write cycle starts at the latest transition of ET low, W low, or E2 high. A write cycle ends at the earliest transition of ET high, W high, or E2 
low. 

2. Write must be high for all address transitions. 

3. IfW goes low coincident with or prior to ET low or E2 high the outputs will remain in a high-impedance state. 

4. El in the timing diagrams represents both El and E2 with El asserted low and E2 asserted high. 

5. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at this time. 

6. Transition is measured ±500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, t|=i hQZ max is ,ess than *E1 LQX m * n > tE2LQZ max is less than tE2HQX min, and l GHQZ max is less than 
tQLQX m > n ^° r a given device and from device to device. 


WE INITATED WRITE CYCLE 



A (ADDRESS) 


V/S (MUX CONTROL) 


ET(CHIP ENABLE) 


W (WRITE ENABLE) 


D (DATA IN) 


0 (DATA OUT) 


3 


l AVAV 


tAVWH ' 


tWHAX ' 


3C 


Z3K 




tVSVWH - 




l E1LWH 


tVSVWL • 


tAVWL 




tWLWH 


tDVWH " 


tWHVSX - 


f 


r 


tWHDX ' 


xxxxxxxxxxxm 


VALID DATA IN 


-tWLQZ 


ixxxxxxx> 


tWHQX • 


HIGH-Z 




HIGH-Z 


•EXXX 


tWLEIH 
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MCM56824A 


WRITE CYCLE TIMING (Chip Enable Initiated, See Note 1) 


Parameter 

| Symbol 

| MCM56824A-20 

MCM56824A-25 | 

| MC56824A-35 | 

Unit 

Notes 

mess 


Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 



20 

— 

25 

— 

35 

— 



Address Setup Time 




— 

H 

— 

B 

— 

ns 

2 

MUX Control Setup Time 



0 

— 

■a 

— 

B 

— 

ns 

2 

Address Valid to End of Write 

lulu 

|| 


15 

B 

20 

m 

30 

— 

ns 

2 

MUX Control Valid to End of Write 

tVSVEIH 

*VSVE2L 

tvsw 

15 

n 

20 

B 

30 


ns 

2 

Chip Enable to End of Write 

tEILEIH 

*E2HE2L 

tew 

12 

— 

15 

— 

20 

— 

ns 

2,3 

Data Valid to End of Write 

tDVEIH 

t DVE2L 

tDW 

8 

— 

10 

— 

15 

— 

ns 

2 

Data Hold Time 

tEIHDX 

*E2LDX 

tDH 

0 

— 

0 

— 

0 

— 

ns 

B 

Write Recovery Time 

tEIHAX 

tE2LAX 

tWR 

0 

— 

0 

— 

0 

— 

ns 

2 

MUX Control Recovery Time 

tEIHVSX 

t E2LVSX 

tVSR 

0 

— 

0 

— 

0 

— 

ns 

2 


NOTES: __ __ ___ _ 

1 . A write cycle starts at the latest transition of El low, W low, or E2 high. A write cycle ends at the earliest transition of El high, W high, or E2 
low. 

2. E1_in the timing diagrams represents both El and E2 with El asserted low and E2 asserted high. 

3. If W goes low coincident with or prior to El low or E2 high the outputs will remain in a high-impedance state. 

4. During this time the output pins may be in the output state. Signals of opposite phase must not be applied to the outputs at this time. 


El OR E2 INITIATED WRITE CYCLE 


A (ADDRESS) ^ 

•* tAVAV ► 

( ) 

( 


« tAVEIH 4* tEIHAX A 


V/S (MUX CONTROL) j 

( X 




tysVEI H ► 

-* — fEIHVSX — 

El (CHIP ENABLE) 

W (WRITE ENABLE) 

- 

* 

* tEILEIH ► 

\ 7 

L 

f 

- l AVE1 L — *■ 

“ VSVE1L 

tDVE1H-H H 

r H tlHDX 

- xxxxxxxxxxxxxx)f^Kxxxxxxxx' 


Q (DATA OUT) 


HIGH-Z 


MOTOROLA MEMORY DATA 
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MCM56824A 


MCM56824A DSPRAM Multiplexed Vector/Scalar Address Maps 


DSP56001 


A0-A11 

A12 

X/Y 

V/§ 


MUX 


MCM56824A 


A0-A11 
RAM A12 


4KX24 

•X" OPERANDS 



PROGRAM 

MEMORY 

HIGH 


8KX24 

‘X- OPERANDS 

4KX24 

•Y" OPERANDS 



PROGRAM 

MEMORY 

LOW 


PROGRAM 

MEMORY 

V/S = T 

V/S = *0* 


MCM56824A 8Kx24 DSPRAM Used in Typical Application 


DSP56001 


MCM56824A 

D0-D23 


D0-D23 

A0-A11 



A0-A11 

A12 



A12 f MEMORY 

A15 



V/S < MANAGEMENT 

X/V 


X/Y l PINS 

Wr 


WE 



ORDERING INFORMATION 
(Order by Full Part Number) 


56824A XX 


Motorola Memory Prefix . 


Part Number 


Full Part Numbers: MCM56824AFN20 MCM56824AFN25 


Speed (20 = 20 ns, 25 = 25 ns, 35 = 35 ns) 
Package (FN = PLCC) 

MCM56824AFN35 


MOTOROLA MEMORY DATA 


7-55 
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MOTOROLA 

SEMICONDUCTOR wm—m—mm—m 

TECHNICAL DATA 

Advanced Information 

32K x 9 Bit Synchronous Dual i/O 
Fast Static RAM with Parity Checker 

The MCM62110 is a 294,912 bit synchronous static random access memory organized 
as 32,768 words of 9 bits, fabricated using Motorola’s high-performance silicon-gate 
CMOS technology. The device integrates a 32K x 9 SRAM core with advanced peripheral 
circuitry consisting of address registers, two sets of input data registers, two sets of out- 
put latches, active high and active low chip enables, and a parity check er. The RAM 
checks odd parity during RAM read cycles. The data parity error (DPE) output is an open 
drain type output which indicates the result of this check. This device has increased out- 
put drive capability supported by multiple power pins. In addition, the output levels can be 
either 3.3 V or 5 V TTL compatible by choice of the appropriate output bus power supply. 

The device has both asynchronous and s ynchr onous inputs. Asynchro nous 
inputs include the processor output enable (POE), system output enable (SOE), iuj im | < 

and the clock (K). „ r 

The address (A0-A14) and chip enable (El and E2) inputs are 
sj/nchronous and are registered on the falling edge of K. Write enable 
(W), processor input enable (PIE) and system input enable (SIE) are 
registered on the rising edge of K. Writes to the RAM are self-timed. 

All data inputs/outputs, PDQ0-PDQ7, SDQ0-SDQ7, PDQP, and 
SDQP have input data registers triggered by the rising edge of the 
clock. These pins also have three-state output latches which are 
transparent during the high level of the clock and latched during the low 
level of the clock. 

This device has a special feature which allows data to be passed 
through the RAM between the system and processor ports in either 
direction. This streaming is accomplished by latching in data from one 
port and asynchronously output enabling the other port. It is also 
possible to write to the RAM while streaming. 

Additional power supply pins have been utilized for maximum 
performance. The output buffer power (Vqqq) and ground pins 
( V SSQ) are electrically isolated from V$s and Vqq and supply power 
and ground only to the output buffers. This allows connecting the 
output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output levels 
are chosen, the output buffer impedance in the “high” state is 
approximately equal to the impedance in the “low” state thereby 
allowing simplified transmission line terminations. 

The MCM62110 will be available in a 52 pin plastic leaded chip carrier (PLCC). 

This device is ideally suited for pipelined systems and systems with multiple 
data buses and multiprocessing systems, where a local processor has a bus 
isolated from a common system bus. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 1 0% Power Supplies for Output Level Compatibility 

• Fast Access and Cycle Times: 1 5/1 7/20 ns Max 

• Self-Timed Write Cycles 

• Clock Controlled Output Latches 

• Address, Chip Enable, and Data Input Registers 

• Common Data Inputs and Data Outputs 

• Dual I/O for Separate Processor and Memory Buses 

• Separate Output Enable Controlled Three-State Outputs 

• Odd Parity Checker during Reads 

• Open Drain Output on Data Parity Error (DPE) Allowing Wire-ORing of Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 

• High Board Density 52 Lead PLCC Package 

• Active High and Low Chip Enables for Easy Memory Depth Expansion 


MCM62110 



FN PACKAGE 
PLASTIC 
CASE 778 


E[ 8 
E[ 9 
PDQ7l 10 
SDQ7[ 11 

VSSQ 1 12 
PDQ5[ 
SDQ5[ 14 

v ccqI 15 

PDQ3E 16 
SDQ3l 17 

V SSQ I 18 

PDQ1 [ 19 
SDQll 20, 


PIN ASSIGNMENT 

\\2\u flss s a 


7 6 5 4 3 2 1 52 51 50 49 48 47 , 

• 46 ] PDQP 

45 ] SDQP 
44 3 VgSQ 
43 ] PDQ6 
42 ] SDQ6 
41 ] V CCQ 
40 ] PDQ4 
39 3 SDQ4 
38 3 PDQ2 
37 ] SDQ2 
36 ] V SS Q 
35 ] PDQ0 
34 3 SDQ0 

21 22 23 24 25 26 27 28 29 30 31 32 33 


^ O CO o 
< < ^ o 

CDoor-'-Looo-t— 

<<<<<< 

PIN NAMES | 

A0-A14 .. 

Address Inputs 

K 

Clock Input 

W 

Write Enable 

El 

Active Low Chip Enable 

E2 

. . . Active High Chip Enable 

PIE ...... 

Processor Input Enable 

SIE 

System Input Enable 

POE 

. . . Processor Output Enable 

SOE 

System Output Enable 

DPE 


PDQ0-DPQ7 Processor Data I/O 

PDQP .... 

Processor Data Parity 

SDQ0-SDQ7 System Data I/O 

SDQP .... 

System Data Parity 

Vcc 

+ 5 V Power Supply 

V CCQ • ■ • • 

Output Buffer Power Supply 

V SSQ • • • ■ 

Output Buffer Ground 

v ss 

Ground 


All power supply and ground pins must be 
connected for proper operation of the device. 
Vcc ^ Vqqq at all times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


DPE PDQ0-PDQ7, PDQP POE 



FUNCTIONAL TRUTH TABLE (See Notes 1 and 8) 


w 

PIE 

SIE 

POE 

SOE 

Mode 

Memory Subsystem Cycle 

PDQ0-PDQ7, 
PDQP Output 

SDQ0-SDQ7, 
SDQP Output 

DPE 

Notes 

1 

1 

1 

0 

1 

Read 

Processor Read 

Data Out 

High-Z 

Parity Out 

2,3 

1 

1 

1 

1 

0 

Read 

Copy Back 

High-Z 

Data Out 

Parity Out 

2, 3 

1 

1 

1 

0 

0 

Read 

Dual Bus Read 

Data Out 

Data Out 

Parity Out 

2,3 

1 

X 

X 

1 

1 

Read 

NOP 

High-Z 

High-Z 

1 


X 

0 

0 

X 

X 

N/A 

NOP 

High-Z 

High-Z 

1 

4 

0 

0 

1 

1 

1 

Write 

Processor Write Hit 

Data In 

High-Z 

1 

5 

0 

1 

0 

1 

1 

Write 

Allocate 

High-Z 

Data In 

1 


0 

0 

1 

1 

0 

Write 

Write Through 

Data In 

Stream Data 

1 

6 

0 

1 

0 

0 

1 

Write 

Allocate With Stream 

Stream Data 

Data in 

1 

6 

1 

0 

1 

1 

0 

N/A 

Cache Inhibit Write 

Data In 

Stream Data 

1 

6 

1 

1 

0 

0 

1 

N/A 

Cache Inhibit Read 

Stream Data 

Data In 

1 

6 

0 

1 

1 

X 

X 

N/A 

NOP 

High-Z 

High-Z 

1 

4 

X 

0 

1 

0 

0 

N/A 

Invalid 

Data In 

Stream 

1 

7 

X 

0 

1 

0 

1 

N/A 

Invalid 

Data In 

High-Z 

1 

7 

X 

1 

0 

0 

0 

N/A 

Invalid 

Stream 

Data In 

1 

7 

X 

1 

0 

1 

0 

N/A 

Invalid 

High-Z 

Data In 

1 

7 


NOTES: 


1 . A ‘0’ represents an input voltage < V||_ and a ‘1 ’ represents an input voltage > Vm. All inputs must satisfy the specified setup and hold times for 
the falling or rising edge of K. Some entries in this truth table represent latched values. This table assumes that the chip is selected (i.e., E l =0 
and E2 = 1 ) and Vqq current is equal to IcCA- If this is not true, the chip will be in standby mode, the Vqq current will equal IgBI or l SB2 DPE 
will default to 1 and all RAM outputs will be in High-Z. Other possible combinations of control inputs not covered by this note or the table above 
are not supported and the RAMs behavior is not specified. 

2. A rea d cycle is defined as a cycle where data is driven on the internal data bus by the RAM. 

3. DPE is registered on the rising edge of K at the beginning of the following clock cycle 

4. No RAM cycle is performed. 

5. A write cycle is defined as a cycle where data is driven onto the internal data bus through one of the data I/O ports (PDQ0-PDQ7 and PDQP 
or SDQ0-SDQ7 and SPDQ), and written into the RAM. 

6. Data is driven on the internal data bus by one I/O port through its data input register and latched into the data output latch of the other I/O port. 

7. Data contention will occur. 

8. If either IE signal is sampled low on the rising edge of clock, the corresponding OE is a don’t care, and the corresponding outputs are High-Z. 
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PARITY CHECKER 


Parity Scheme 

DPE 

El = V|n and/or E2 = V||_ 

1 

RAMP = RAMO © RAMI © . 

. © RAM7 

1 

RAMP * RAMO © RAMI © . 

. © RAM7 

0 


NOTE: RAMP, RAMO, RAMI . . . , refer to the data that is p resent on the RAMs internal bus, 
not necessarily data that resides in the RAM array. DPE is always delayed one clock, and is 
registered on the rising edge of K at the beginning of the following clock cycle (see AC 
CHARACTERISTICS). 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = VSSQ = 0 v ) 


Rating 

Symbol 

Value 

Unit 

Power Supply 

Vcc 

-0.5 to 7.0 

V 

Voltage Relative to Vgs/VgSQ for Any 

Pin Except Vqq and Vqqq 

Vin> ^out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T^ = 70°C) 

PD 

1.2 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

Ta 

0 to + 70 

°C 

Storage Temperature 

T stg 

- 55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor- 
mal precautions to taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 


CAPACITIVE LOAD EQUIVALENT RESISTANCE 


i = C x dV/dt uv out /50 



85 pF load is equivalent to a 50 Q termination 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, T/\ = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V ss = VsSQ = 0 v ) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 


5.5 

V 

Output Buffer Supply Voltage 

V CCQ 




V 

(5.0 V TTL Compatible) 


4.5 

5.0 

5.5 


(3.3 V 50 Q Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V| H 

2.2 

3.0 

V C C + 0.3 

V 

Input Low Voltage 

V| L 

-0.5* 

0.0 

0.8 

V 


* V||_ (min) = 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

— 

- 

±1.0 

ha 

Output Current (G = Vm) 

'lkg(O) 

— 

- 

±1.0 

pA 

AC Supply Current (SOE = POE = V||_, All Inputs = V|j_ or Vm,V|L = 0.0 V and 

'CCA 




mA 

V| H > 3.0 V, l out - 0 mA, MCM621 10-15: t K HKH = 1 5 ns 


— 

220 

250 


Cycle Time > tj<nKn min) MCM621 1 0-1 5: t^HKH = 1 7 ns 


— 

210 

250 


MCM621 10-20: t^HKH = 20 ns 


— 

200 

250 


TTL Standby Current (Vqq = Max, El = Vm or E2 = Vji_) 

>SB1 


- 

40 

mA 

CMOS Standby Current (Vqq = Max, f = 0 MHz, ET = V||_| or E2 = V|[_, 

'SB2 


— 

30 

mA 

V in < V SS + 0.2 V or > Vqq -0.2 V) 






Output Low Voltage (Iql = + 8.0 mA, DPE: Iql = +23.0 mA) 

v OL 


- 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

- 

- 

V 



CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (all Pins Expect I/Os) 

c in 

2 

3 

pF 

Input/Output Capacitance (PDQ0-PDQ7, SDQ0-SDQ7, PDQP, SDQP) 

C|/0 

6 

7 

PF 

Data Parity Error Output Capacitance (DPE) 

c out(DPE) 

6 

7 

PF 


AC TEST LOADS 





Figure 1A 


Figure IB 


Figure 1C 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 1 0%, Ta = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Measurement Timing Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


Read Cycle (See Note 1 ) 


Parameter 

Symbol 

MCM62110-15 

MCM62110-17 

MCM621 10-20 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time Clock High to Clock 

High 

tKHKH 

15 

— 

17 

— 

20 

— 

ns 

2 

Clock Low Pulse Width 

tKLKH 

5 

— 

5 

— 

5 

— 

ns 


Clock High Pulse Width 

*KHKL 

7 

— 

7 

— 

7 

— 

ns 


Clock Access Time Clock Low to Output 
Valid 

tKLQV 

— 

15 

— 

17 

— 

20 

ns 

3,4 

Clock High to DPE Valid 

*KHDPEV 

— 

8 

— 

9 

— 

10 

ns 

5 

Clock High to Output Valid 

*KHQV 

— 

8 

— 

9 

— 

10 

ns 

4,3 

Clock (K) High to Output Low Z After 

Write 

tKHQXI 

8 

— 

8 

— 

8 

— 

ns 


Output Hold from Clock High 

t KHQX2 

5 

— 

5 

— 

5 

— 

ns 

4,7 

Clock High to Q High-Z (ET or E2 = 

False) 

tKHQZ 

— 

8 

— 

9 

— 

10 

ns 

7 

Setup Times: A 

W 

El, E2 
PIE 
SIE 
POE 
SOE 

tAVKL 

tWHKH 

tEVKL 

tpiEHKH 

tSIEHKH 

tpOEVKH 

tSOEVKH 

2.5 


2.5 


2.5 


ns 

8 

8 

Hold Times: A 

W 

El, E2 
PIE 

SIE 

POE 

SOE 

*KLAX 

tKHWX 

tKLEX 

tKHPlEX 

tKHSlEZ 

tKHPOEX 

tKHSOEX 

2 


2 

i 

2 


ns 

8 

8 

Output Enable High to Q High-Z 

tpOEHQZ 

tSOEHQZ 

0 

8 

0 

9 

0 

9 

ns 

7 

Output Hold from Output Enable High 

tpOEHQX 

tSOEHQX 

5 

i 

5 

— 

5 

— 

ns 

7 

Output Enable Low to Q Active 

tpOELQX 

tSOELQX 

0 

i 

0 

— 

0 

— 

ns 

7 

Output Enable Low to Output Valid 

tpOELQV 

tSOELQV 

— 

6 

— 

7 

— 

8 

ns 



NOTES: 

1 . A read is defined by W high for the setup and hold times. 

2. All read cycle timing is referenced from K, SOE, or POE. 

3. Access time is controlled by tj<LQV the clock low P ulse width is ,ess than (tKLQV“tKHQV): otherwise it is controlled by KHQV. 

4. K must be at a high level for outputs to transition. 

5. DPE is valid exactly one clock cycle after the output data is valid. 

6. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, tKHQZ is less than tKHQX> tpoE HQZ is ,ess than tpQELQX tor a given device, and tsoEHQZ is ,ess than 
tSOELQX for a 9 lven device. 

7. These read cycle timings are used to guarantee proper parity operation only. 
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READ CYCLE (See Note) 


K 

A0-A14 

ET 

E2 

PIE 

SIE 

W 

POE 

SOE 

PDQ0-PDQ7, PDQP 

SDQ0-SDQ7, SDQP 

DPE 



NOTES: 

1 . DPE is valid exactly one clock cycle after the output data is valid. 


2. Access time is controlled by tKLQV K the dock ,ow P ulse width IS less 
OKLQV-tKHQV): otherwise it is controlled by t«HQV. 
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WRITE CYCLE (See Notel) 


Parameter 

Symbol 

MCM62110-15 

MCM6211Q-17 

MCM621 10-20 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Times 

*KHKH 

15 

— 

17 

— 

20 

— 

ns 

2 

Clock Low Pulse Width 

tKLKH 

5 

— 

5 

— 

5 

— 

ns 


Clock High Pulse Width 

tKHKL 

— 

7 

— 

7 

— 

7 

ns 


Clock High to Output High-Z (W = Vjl 
and SIE = PIE = V (H ) 

*KHQZ 

— 

8 

— 

9 

— 

10 

ns 

3,4 

Setup Times: A 

W 

El, E2 

PIE 

SIE 

SDQ0-SDQ7, SDQP, PDQ0-PDQ7, 

PDQP 

*AVKL 

tWLKH 

tEVKL 

tpiEVKH 

tSIEVKH 

tDVKH 

2.5 


2.5 


2.5 


ns 


Hold Times: A 

W 

El, E2 

PIE 

SIE 

SDQ0-SDQ7, SDQP, PDQ0-PDQ7, 

PDQP 

tKLAX 

*KHWX 

*KLEX 

*KHPIEX 

tKHSlEX 

*KHDX 

2 


2 

1 


2 


ns 


Write with Streaming (PIE = SOE = V|[_ or 
SIE = POE = V| L ) 

Clock High to Output Valid 

tKHQV 


8 


8 


8 

ns 

5 

Output Enable High to Q High-Z 

tpOEHQZ 

tSOEHQZ 

0 

8 

0 

9 

0 

9 

ns 

6 

Output Hold from Output Enable High 

tPOEHQX 

tSOEHQX 

5 

— 

5 

— 

5 

— 

ns 


Output Enable Low to Q Active 

tpOELQX 

tSOELQX 

0 


0 

— 

0 

— 

ns 

6 

Output Enable Low to Output Valid 

tpOELQV 

tSOELQV 

— 

6 

— 

7 


8 

ns 



NOTES: 

1 . A write is performed with W = V|L>JlL = V IL’ E2 = Vm for the specified setup and hold times and either PIE = V|i_ or SIE = V|j_. If both PIE = V|[_ 
and SIE = V||_ or PIE = V||_j and SIE = V|h, then this is treated like a NOP and no write is performed. 

2. All write cycle timings are referenced from K. 

3. K must be at a high level for the outputs to transition. 

4. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, t^HOZ is ,ess than tKHQX f° r a 9 iven device. 

5. A write with streaming is defined as a write cycle which writes data from one data bus to the array and outputs the same data onto the other data 
bus. 

6. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, tf<HQZ is less than tKHQX’ tpOEHQZ is ,ess than tpOELQX f° r a given device, and tsoEHQZ is less than 
tsoELQX f° r a given device. 
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WRITE THROUGH — READ — WRITE (See Note) 
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STREAM CYCLE (See Note 1) 




MCM62110-15 

MCM62110-17 

MCM621 10-20 



Parameter 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Stream Cycle Time 

*KHKH 

15 

— 

17 

— 

20 

— 

ns 

2 

Clock Low Pulse Width 

*KLKH 

5 

— 

5 

— 

5 

— 

ns 


Clock High Pulse Width 

*KHKL 

7 

— 

7 

— 

7 

__ 

ns 


Stream Access Time 

tKHQV 

— 

8 

— 

8 

— 

8 

ns 


Setup Times: A 

W 

El , E2 

PIE 

SIE 

SDQ0-SDQ7, SDQP, PDQ0-PDQ7, 
PDQP 

l AVKL 

tWHKH 

*EVKL 

tplEVKH 

tSIEVKH 

tDVKH 

2.5 


2.5 


2.5 


ns 


Hold Times: A 

W 

El, E2 

PIE 

SIE 

SDQ0-SDQ7, SDQP, PDQ0-PDQ7, 
PDQP 

*KLAX 

*KHWX 

tfCLEX 

tKHPlEX 

tKHSlEX 

^KHDX 

2 


2 


2 


ns 


Output Enable High to Q High-Z 

tpOEHQZ 

tSOEHQZ 

0 

8 

0 

9 

0 

9 

ns 

4 

Output Enable Low to Q Active 

tPOELQX 

tSOELQX 

0 

— 

0 

— 

0 

— 

ns 

4 

Output Enable Low to Output Valid 

^POELQV 

tSOELQV 

— 

6 

— 

7 

— 

8 

ns 



NOTES: 

1 . A stream cycle is defined as a cycle where data is passed from one data bus to the other data bus. 

2. All stream cycle timing is referenced from K. 

3. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, tpoEHQZ is less than tpOELQX- tsOEHQZ is less than tSOELQX- and tKHQZ is less than tKHQX f° r a 
given device. 
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STREAM CYCLE (See Note) 



NOTE: DPE is valid exactly one clock cycle after the output data is valid. 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62110 x xx 



Full Part Number - MCM621 1 0FN1 5 


MCM62110FN17 


MCM62110FN20 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

16K x 16 Bit Synchronous Static RAM 

With Self Timed Write 

The MCM62157 is a 262,144 bit synchronous static random access memory 
designed to provide a high-performance cache for the SPARC™ family of 
microprocessors. This device meets or exceeds all functional characteristics of the 
CY7C157 16K x 16 SRAM, and includes two chip enables and a JEDEC-approved, 
high-performance pin out. It is organized as 16,384 words of 16 bits, fabricated using 
Motorola’s high-performance silicon-gate CMOS technology. The device integrates 
input registers, high speed SRAM, and high drive capability outputs onto a single 
monolithic circuit for reduced parts count implementation of cache data RAM 
applications. 

Synchronous design allows precise cycle control with the use of an 
external clock (K). CMOS circuitry reduces the overall power consumption 
of the integrated factions for greater reliability. 

Output Enable (G) is an asynchronous control input. Addresses 
(A0-A13) and chip select inputs (SE, SE) are sampled through positive- 
edge-triggered, noninverting registers on the rising edge of the clock input 
K. Write Enable (WO and W1) and Data-In are sampled on the following 

edge of K through negative-edge-triggered, noninverting latches. 

Write cycles are differentiated from read cycles by the state of WO and 

W1 . This allows one byte to be written while leaving the other byte 
unchanged. 

The MCM62157 will be available in a 52-pin plastic-leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to minimize 
effects induced by output noise. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V Power Supplies for Output Buffers 

• Separate Write Enables for Upper/Lower Bytes 

• Fast Access Times: 15/17/24 ns Max 

• Internal Input Registers (Address, Control, Data) 

• Internally Self-Timed Write Cycle 

• Output Enable Controlled Three-State Outputs 

• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per I/O 

• High Board Density 52 PLCC Package 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 


MCM62157 




FN PACKAGE 
52-LEAD PLCC 
CASE 778 


PIN ASSIGNMENT 



< 

,i — i 

1= |uj|c|S 8$o £ $2 oj 

<c 1 c/ 5 12 : 1 $: z ^ io< < co 

i — ii — ii — ii — ii — ii — ii — ii — ii — i n n n 


/7 

6 5 4 3 2 1 52 51 50 49 48 47 

DQ8 C 

8 

* 46] 

DQ9 [ 

9 

45] 

Vcct 

10 

44] 

v ssqC 

11 

43] 

DQ10 C 

12 

42] 

DQ11 [ 

13 

41 ] 

DQ12 [ 

14 

40 ] 

DQ13 [ 

15 

39] 

v ssqE 

16 

38] 

v ccC 

17 

37] 

DQ14 [ 

18 

36] 

DQ15 □ 

19 

35] 

NC d 

20 

21 

34] 

22 23 24 25 26 2728 29 30 31 3233 


NC 

DQ7 

DQ6 

V CC 

V SSQ 

DQ5 

DQ4 

DQ3 

DQ2 

V SSQ 

V CC 

DQ1 

DQO 


: < < < < ■ 


PIN NAMES 

A0-A13 ... 

Address Inputs 

K 

Clock 

W0.W1 .. 

Write Enable 

G 

Output Enable 

SE, SE . . . 

Chip Selects 

DQ0-DQ1 5 

Data Input/Output 

v cc 

+ 5 V Power Supply 

V CCQ 

Output Buffer Power Supply 

v ss 

Ground 

V SSQ 

Output Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the de- 
vice. Vqq > Vqqq at all times including 
power up. 


CY7C157 is a part number for a Cypress FSRAM. 

SPARC is a trademark of SPARC International. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 


DQ0-DQ7 DQ8-DQ15 



TRUTH TABLE (See Notes) 


SE 

SE 

WO 

WT 

G 

K 

Input/Output 

Operation 

L 

X 

X 

X 

X 

L-H 

High-Z 

Deselected 

X 

H 

X 

X 

X 

L-H 

High-Z 

Deselected 

H 

L 

X 

X 

H 

L-H 

High-Z 

Selected 

H 

L 

H 

H 

H 

H-L 

High-Z 

Read Cycle 

H 

L 

H 

H 

L 

H-L 

Data Out 

Read Cycle 

H 

L 

H 

L 

H 

H-L 

High-Z 

Write Upper Byte 

H 

L 

L 

H 

H 

H-L 

High-Z 

Write Lower Byte 

H 

L 

L 

L 

H 

H-L 

High-Z 

Write Both Bytes 

H 

L 

L 

X 

L 

H-L 

Low-Z 

Undefined 

H 

L 

X 

L 

L 

H-L 

Low-Z 

Undefined 


NOTES: 


1 . All address and chip select inputs must meet set-up and hold times for all low to high 
transitions of clock (K). Write WO and W1 inputs must meet set-up and hold times for 
all high to low transitions of clock (K). 

2. During a Write cycle, G must be high before the input data required setup time and held 
high throughout the data hold time. 
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ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vgs = VgsQ = ® V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to + 7.0 

V 

Voltage Relative to Vqs/Vssq for An y 

Pin Except Vqq and Vqqq 

v in> v out 

- 0.5 to Vqq+ 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T A = 70°C) 

PD 

2.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°c 

Storage Temperature 

Istg 

-55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal pre- 
cautions be taken to avoid application of 
any voltage higher than maximum rated 
voltages to this high impedance circuit. 

This CMOS memory circuit has been 
designed to meet the dc and ac specifi- 
cations shown in the tables, after ther- 
mal equilibrium has been established. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = Vqqq = 5.0 V ± 1 0%, T A = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V§s = V SSQ = 0 v ) 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vec 

5.0 

4.5 

5.5 

V 

Output Buffer Supply Voltage (5.0 V TTL Compatible) 

V CCQ 

5.0 



V 

(3.3 V 50 Q Compatible) 


3.3 





V|H 

3.0 

2.2 

Vqq + 0.3 

mm 


— 

0.0 

-0.5* 

0.8 



*V||_(min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 



Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

mm 

— 

— 

±1.0 

iM 

Output Leakage Current (G = V|h, V ou j = 0 to Vqq) 

mis 

— 

— 

±1.0 

MIS 

AC Supply Current (G = Vm, lout = 0 mA V|h, All Inputs = V|(_ or V|h 

'CCA15 

310 



usu 

V|l = 0 V and V|j_j Cycle Time > tKHKH min ) 

'CCA17 

300 



■ 

>CCA24 

290 



■ 

Standby Current (SE = Vjh or SE = V||_, All Inputs = Vjl and V|H ( 

>SB1 

— 

— 



Cycle Time > t[<HKH min ) 





■i 

CMOS Standby Current (SE > Vqq - 0.2 V, SE < 0.2 V, 

>SB2 

— 

— 

40 

mA 

All Inputs > Vqq - 0.2 V or < 0.2 V, Cycle Time > t^HKH min ) 






Output Low Voltage (Iql = + 8.0 mA) 

V 0 L 

— 

— 

0.4 

mm 

Output High Voltage (Iqh = - 4 0 mA ) 

v OH 

- 

2.4 

- 

V 


NOTE: Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 


Input Capacitance (All Pins Except DQ0-DQ8) 

c in 

4 

6 

■a 

Input/Output Capacitance (DQ0-DQ8) 

c out 

8 

10 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C c = 5.0 V ± 1 0%, Vqoq = 3.3 V or 5.0 V ± 1 0%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

MCM62157-15 

MCM62157-17 

MCM621 57-24 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Clock Control: 









ns 


Cycle Time 

*KHKH 

tCHCH 

20 

— 

20 

— 

30 

— 



Clock High Pulse Width 

*KHKL 

tCH 

8 

— 

8 

— 

12 

— 



Clock Low Pulse Width 

tKLKH 

tCL 

8 

— 

8 

— 

12 

— 



Read Cycles: 


tCHQV 







ns 


Clock Access Time 

*KHQV 


15 

— 

— 

17 

— 

24 



Output Enable to Output Valid 

tGLQV 


— 

6 

— 

7 

— 

9 



Output Buffer Control: 


tCHQX 







ns 

3 

Clock High to Output Low-Z 

*KHQX1 


3 

— 

3 

— 

3 

— 



Clock High to Output Change 

l KHQX2 


5 

— 

5 

— 

5 

— 



Clock High to Q High-Z 

tKHQZ 


— 

10 

— 

10 

— 

12 



Output Enable to Output Active 

tGLQX 


0 

— 

0 

— 

0 

— 



Output Disable to Q High-Z 

tGHQZ 


— 

7 

— 

8 

— 

9 



Register Setup Times: 









ns 

4 

Address 

tAVKH 

tAVCH 

2 

— 

2 

— 

2 

— 



Data 

tDVKL 

tDVCL 

3 

— 

3 

— 

3 

— 



Write Enables 

tWVKL 

tWLCL 

2 

— 

2 

— 

2 

— 



Chip Selects 

tSVKH 


2 

— 

2 

— 

2 

— 



Register Hold Times: 









ns 

4 

Address 

tKHAX 

tCHAX 

3 

— 

3 

— 

3 

— 



Data 

tKLDX 

tCLDX 

2 

— 

2 

— 

2 

— 



Write Enables 

tKLWX 

tCLWH 

3 

— 

3 

— 

3 

— 



Chip Selects 

tKHSX 


3 

— 

3 

— 

3 

— 




NOTES: _ _ __ 

1 . A read cycle is defrined by W0 and W1 high for the set-up and hold times. A write cycle is defined by W0 or W1 low for the set-up and hold 

times. _ 

2. All read and write cycle timings are referenced from K or G. 

3. Transition is measured ± 500 mV from steady-state voltage with load of Figure IB. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tj<HQZ max is less than l KLQX1 min f° r a 9 iven device and from device to device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for all rising (or 
falling in the case of Wo and WT) edges of clock (K) when device is selected. To select or deselect the device, both chip selects must be valid 
at the rising edge of K. Timings for SE and SE are similar. 


AC TEST LOADS 


+ 5 V 



480 Q, 


85 pF 

(INCLUDING 
SCOPE AND JIG) 



i 


480 Q 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 
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TECHNICAL DATA 


MCM62350 


4Kx4 Bit Cache Address Tag 
Comparator 

with System Status Bit Functions 

The MCM62350 is a 16,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS technology. 
The device integrates a 4Kx4 SRAM core, an on-board comparator, and special pin 
functions for tag valid and system status bit applications. These functions allow easy 
interface to the MC68020 and MC68030 microprocessors, or any other environment 
where efficient implementation of external cache memory is required. The MC62350 is 
available in 24 lead plastic DIP and SOJ packages. 

The device has a reset (R) pin for flash clear of the RAM within two minimum cycles. 
This function is u seful fo r sy stem in itialization. Individual bits within a tag field can be set 
or cleared via the BSET and BCLR control input pins for valid bit updates. 

The MCM62350 has two configurable comparator modes. The comparator can be 
configured as standard XNOR (exclusive NOR) for address tag comparison, or AOI 
(AND-OR-Invert) for determining whether specific bits in the 4-bit word are set (for 
system status bit applications). In addition, the MATCH output can be programmed as 
true high or true low for potential logic delay savings. _The configuration of these modes 
is accomplished by performing a write cycle with the R pin held low. 

• Single 5 V ±10% Power Supply 

• Fast Address to MATCH Time; 20/22/25 ns max 

• Fast Data to MATCH Time; 10/10/12 ns max 

• Fast Read of Tag RAM Contents; 22/25/30 ns max 

• Flash Clear of the Tag RAM 

• Programmable Active Output Level of MATCH 

• Bit Manipulation of Tags via BSET and BCLR Writes 

• Configurable Comparator Modes: 

XNOR Mode for Address Tag Comparison 
AOI Mode for System Valid Bit Comparison 


BLOCK DIAGRAM 


A0-A6 


R 


DQ0-DQ3 


W 

S 

BSET 

BCLR 


A7-A11 



MATCH 



CASE 724 



J PACKAGE 
300 MIL SOJ 
CASE 81 0A 


PIN ASSIGNMENT 


A4 [ 

1 • 24 

3 Vcc 

A5Q 

2 23 

] A3 

A6[ 

3 22 

] A2 

A7[ 

4 21 

] A1 

A8 [j 

5 20 

] AO 

A9[ 

6 19 

] R 

A10 [ 

7 18 

^ V SS 

All [ 

8 17 

] DQ3 


9 16 

] DQ2 

w[ 

10 15 

] DQ1 

BCLR [ 

11 14 

] DQO 

BSET[ 

12 13 

] MATCH 


PIN NAMES 


A0-A11 Address Inputs 

W Write Enable 

S Chip Select 

BCLR Bit Clear Control Input 

BSET Bit Set Control Input 

R Reset (Flash Clear) Input 

MATCH MATCH (Hit) Output 

DQ0-DQ3 Data Input/Output 

Vqq +5 V Power Supply 

Vgs Ground 
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SIGNAL DESCRIPTIONS 


A0-A11— ADDRESS INPUTS 

The address lines are used for indexing into the tag RAM 
portion of the chip. 

DQ0-DQ3— ADDRESS INPUTS 

The data lines are used as input for compare, write, and con- 
figuration cycles, and as output for read cycles. 

BSET— BIT SET CONTROL INPUT 

This contro l signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using th e appro priate mask, as indicated in the bit set 
truth table. The BSET input can also be used to initiate a read 
cycle. 

BCLR — BIT CLEAR CONTROL INPUT 

This control signal is use d for AN Ding the complement of 
data into the tag RAM during BCLR write cycles. Independent 


bits within the tag can be cleared using the a ppropri ate mask, 
as indicated in the bit clear truth table. The BCLR input can 
also be used to initiate a read cycle (note that at least one of the 
BSET/BCLR signals must be asserted to trigger a read cycle). 

R— RESET (FLASH CLEAR) INPUT 

The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 

S— CHIP SELECT 

This control signal is used to chip select the device. 

W— WRITE ENABLE 

The write enable signal is used to initiate write cycles. 

MATCH— MATCH (HIT) OUTPUT 

This output signal is used to indicate a match of DQ0-DQ3 
inputs with the contents of the tag RAM addressed by A0-A1 1 . 


FUNCTIONAL TRUTH TABLE 


s 

W 

BCLR 

BSET 

R 

DQ0-DQ3 

MATCH 

Cycle 

L 

H 

H 

H 

H 

Compare Dj n 

Valid 

Compare 

L 

H 

L 

X 

H 

Read 

Assert 

Read 

L 

H 

X 

L 

H 

Read Dqu^ 

Assert 

Read 

L 

L 

H 

H 

H 

Write Dj n 

Assert 

Write 

L 

L 

L 

H 

H 

Bit Clear Mask 

Assert 

BCLR Write 

L | 

L 

H 

L 

H 

Bit Set Mask 

Assert 

BSET Write 

X 

H 

X 

X 

L 

High-Z 

Assert 

Clear (Reset) 

L 

L 

X 

X 

L 

Config Dj n * 

Assert 

Configuration 

H 

X 

X 

X 

H 

High-Z 

Assert 

Deselect 


*DQ2 and DQ3 are don’t cares during a configuration cycle. 


COMPARATOR BEHAVIORAL TABLE 


Type 

DQO 

DQ1 

DQ2 

DQ3 

RAMQO 

RAMQ1 

RAMQ2 

RAMQ3 

MATCH 

XNOR 

QO 

Q1 

Q2 

Q3 

QO 

Q1 

Q2 

Q3 

1 

XNOR 

QO 

Q1 

Q2 

Q3 

QO 

Q1 

Q2 

Q3 

0 

AOI 

QO 

Q1 

Q2 

Q3 

QO 

Q1 

Q2 

Q3 

1 

AOI 

L 

Q1 

Q2 

Q3 

X 

Q1 

Q2 

Q3 

1 

AOI 

H 

Q1 

Q2 

Q3 

L 

Q1 

Q2 

Q3 

0 


BIT CLEAR TRUTH TABLE (See Note) 


Data 

Initial 

Final 


In 

Stored Data 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

0 

Bit Cleared 

1 

1 

0 

to “Zero” 


NOTE: These tables reflect the behavior of single bit positions. The 
four bits in the tag can all be set or cleared in tandem, or bits 
within the tag can be independently set or cleared with the ap- 
propriate mask. 


CONFIGURATION TABLE 


DQO 

DQ1 

Comparator 

Type 

Match 

True Level 

L 

L 

XNOR 

Low 

L 

H 

XNOR 

High 

H 

L 

AOI 

Low 

H 

H 

AOI 

High 


BIT SET TRUTH TABLE (See Note) 


Data 

In 

Initial 

Stored Data 

Final 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

1 

Bit Set 

1 

1 

1 

to “One” 


AOI COMPARATOR LOGIC DIAGRAM 
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This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-impe- 
dance circuit. 

The power supply (Vqq) should be 
stable for at least 1 00 ps before operating 
the device. During this interval, the part will 
internally configure itself for XNOR com- 
pares, with the MATCH output active high. 
In addition, the memory array of RAM bits 
will be cleared. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 v ±10%, Ty\ = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to V ss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

v C c 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

— 

V C C + 0-3 

V 

Input Low Voltage 

V|L 

-0.5* 

— 

0.8 j 

V 


*V||_ min = -0.5 V dc; V||_ min = -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs Vj n = 0 to Vqq) 

•ikod) 

— 

±1.0 

pA 

Output Leakage Current, Except MATCH Output (S = Vm, V out = 0 to Vqq) 

'ikcifO) 

— 

±1.0 

pA 

AC Supply Current (All Inputs = V|i_ or Vm, l out = 0 mA, Cycle Time > t/^vAV min ) 

■CCA 

— 

140* 

mA 

Output Low Voltage (I/O Pins: Iql = 8 mA, MATCH Output: Iql = 12.0 mA ) 

v OL 

— 

0.4 

V 

Output High Voltage (I/O Pins: Iqh = -4-0 mA, MATCH Output: Iqh = -10.0 mA) 

V OH 

2.4 

— 

V 


* ICC ac ti ve current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power dissipation 
of the device. Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T^ = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cin 

4 

5 

PF 

I/O Capacitance 

c out 

5 

7 

PF 

MATCH Output Capacitance 

C match 

6 

7 

PF 


AC TEST LOADS 


ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vqs = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 

V 

Voltage Relative to Vqs lor Any Pin 

Except Vqq 

v in^out 

-0.5 to Vqq +0.5 

V 

Output Current MATCH Output 

I/O Pins, Per I/O 

'out 

±40 

±20 

mA 

Power Dissipation (T^ = 25°C) 

PD 

1.0 

W 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

T stg 

-55 to +125 

°c 

Temperature Under Bias 

T bias 

-10 to +85 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for ex- 
tended periods of time could affect device reliability. 


+5 V 



481 


30 pF 

(INCLUDING 
SCOPE AND JIG) 


+5 V 



481 


5pF 

(INCLUDING 
SCOPE AND JIG) 



i 


305 


50 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure la 


Figure 1b 


Figure 1c 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load (I/O Pins) See Figure la 

Input Rise/Fall Time 5 ns Output Load (MATCH Output) See Figure 1c 


READ CYCLES (See Notes 1 and 2) 


Characteristic 

Symbol 

62350-18 

62350-20 

62350-22 

62350-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tAVAV 

tRC 

20 

— 

22 

— 

25 

— 

30 

— 

ns 


Address Access Time 

tAVQV 

l AA 

— 

KM 

— 

KM 

— 

mm 

— 

KM 

131 


Select Access Time 

tSLQV 

*ACS 

— 

KS 

— 

mm 

— 

mm 

— 

m 



BCLR Access Time 

tBCLQV 


— 

KM 

— 

£3 

— 

mm 

— 

KM 

Id 

3 

BSET Access Time 

tBSLQV 


— 


— 

■a 

— 

mm 

— 

£H§t 

13 

3 





— 

0 

— 

0 

— 

0 

— 



Select Low to Output Active 

tSLQX 

tCSL 

5 

— 

5 

— 

5 

— 

5 

— 

ns 

4 

BSET/BCLR Low to Output 
Active 

tBSLQX/tBCLQX 

tLZ 

7 

— 

7 

— 

10 

— 

10 

— 

ns 

4 

S High to Output High-Z 

tSHQZ 

tcsz 

— 

7 

— 

8 

— 

9 

— 

10 

ns 

4 

BSET/BCLR High to Output 
High-Z 

tBSHOZ^BCHOZ 

tHZ 

— 

7 

— 

8 

— 

9 

— 

10 

ns 

4 

BSET/BCLR Low to MATCH 
Assert 

tBSLMX^BCLMX 

*CH 

0 

15 

0 

15 

0 

15 

0 

18 

ns 



NOTES: 

1 . R = V||-j, W = V|h continuously during read cycles. On e of eit her BSET or BCLR pins must be asserted low to activate the outputs. The MATCH 
output becomes asserted when either the BSET or BCLR pin transitions low. 

2. MATCH assertion is always shown high for distinctio n betw een asserted and valid. _ 

3. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

4. Transition is measured ±500 mV from steady state voltage with load of Figure 1 b. This parameter is sampled and not 1 00% tested. 


(ADDRESS CONTROLLED) 


READ CYCLE 


(S CONTROLLED) 



DC 


x: 


■M 


*SLQX 


*SLQV 


HIGH-Z ■ 


KXx 


f 


{ SHQZ“ 


IT 


tBSHQZ" 


/ 


tBCHQZ ' 


OUTPUT VALID 


(ASSERTED) 
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COMPARE CYCLE (See Notes 1 and 2) 


Characteristic 

Symbol 

62350-18 

62350-20 

62350-22 

62350-25 

Unit 

Notes 

Standard 

Alternate 

Min 




IZ3 




Compare Cycle Time 

*AVAV 

*C 

20 

— 



E3 



— 

ns 


Address Valid to MATCH Valid 

*AVMV 

*ACA 

— 

18 

— 

u 

— 


— 

El 

ns 


BCLR High to MATCH Valid 

tBCHMV 

tBCCA 

— 

■a 

— 

■a 

— 

■a 

— 

■a 

Dili 

3 

BSET High to MATCH Valid 

tBSHMV 

tBSCA 

— 

15 

— 

■a 

— 

■a 

— 

■a 

mu 

3 

Data Valid to MATCH Valid 

*DVMV 

*DCA 

— 

■a 

— 

■a 

— 

mm 

— 

■a 

urn 


S Low to MATCH Valid 

tSLMV 

tCSCA 

— 

■a 

— 

■a 

— 

■a 

— 

■a 






■ 

— 

H 

— 


— 


— 



MATCH Hold from Data 

Change 

*DXMX 

T)CH 

■ 

— 

■ 

— 


— 

3 

■ 



S High to MATCH Assert 

*SHMX 

{ CH 

0 

■a 

0 

■a 

0 

10 

0 

■a 



BCLR High to Output High-Z 

tBCHQZ 

X BCZ 

— 

7 

— 

8 

— 

9 

— 

10 

ns 

4 

BSET High to Output High-Z 

tBSHQZ 

‘BSZ 

— 

7 

— 

8 

— 

9 

— 

10 

ns 

4 


NOTES: 

1 . R = V|h, W = V||_j continuously during compare cycles. 

2. MATCH assertion is always shown high for distinctio n betw een asserted and valid. _ 

3. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

4. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


COMPARE CYCLE 


(ADDRESS CONTROLLED) 



(S CONTROLLED) 


~ x x ~ 
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STANDARD WRITE CYCLE (See Notes 1 and 2) 


Characteristic 

Symbol 

62350-18 

62350-20 

62350-22 

62350-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

^VAV 

twc 

20 

— 

22 

— 

25 

— 

30 

— 

ns 


Write Pulse Width 

tWLWH^SLSH 

tWLSH/tSLWH 

Q. CL 

14 

— 

16 

— 

18 

— 

20 

— 

ns 


Address Setup to Beginning of 
Write 

tAVWL /l AVSL 

tAS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH^AVSH 

tAW 

14 

— 

16 

— 

18 

— 

20 

— 

ns 


Data Valid to End of Write 

tDVWH^DVSH 

tDW 

10 

— 

mm 

— 

mm 

— 

mm 

— 

ns 


Data Hold from Write End 

tWHDX/tSHDX 

tDH 

0 

— 

■■ 

__ 

0 

— 

0 

— 



Write Low to Output High-Z 

tWLQZ 

twz 

— 

8 

— 

8 

— 

9 

— 

10 


HI 

Address Hold from Write End 

tWHAX^SHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 



Write Low to MATCH Assert 

tWLMX 

tWCH 

0 

mm 

0 

mm 

0 

mm 

0 

mm 

91 

4 

BSET/BCLR Setup to 

Beginning of Write 

tBSHWL/tBSHSL 

tBCHWL^BCHSL 

tBSS 

tBCS 

-1 

— 

-1 

— 

-1 

— 

-1 

— 

ns 


BSET/BCLR Hold Time from 
Write Start 

tWLBSX/tSLBSX 

tWLBCX/tSLBCX 

tBSH 

tBCH 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write High to MATCH Valid 

tWHMV 

tWCA 

— 

18 

— 

20 

— 

22 

— 

25 

ns 

4 

Write High to Output Active 

x mm 

tow 

3 

— 

3 

— 

5 

— 

5 

— 

ns 

3,4 


NOTES: __ 

1 . A standard write occurs during the overlap of W and S low and BSET and BCLR high. The R pin is high continuously during a write cycle. 

2. MATCH assertion is always shown high for distinction between asserted and valid. 

3. Transition is measured ±500 mV from steady state voltage withjoad of Figure 1b. This parameter is sampled and not 100% tested. 

4. Both the MATCH output and Q0-Q3 are shown as valid in the W controlled cycle b elow to con vey their timing relative to W. In reality, only 
one of either MATCH or Q0-Q3 can be valid at one time, as determined by BSET and BCLR inputs. 


STANDARD WRITE CYCLE 

(W CONTROLLED) 



zx 


(S CONTROLLED) 

" tAVAV 


l AVSH 




*BSHSL 


tBCHSL 


tSLSH 




l AVSL 


tSLWH 




" l SLBSX~ 


- *SLBCX H 


X 


l SHAX 


tSHDX 


DATA VALID 


“ tDVSH' 
HIGH-Z 


r-l 


ml 


(ASSERTED) 


MOTOROLA MEMORY DATA 


7-76 








MCM62350 


BSET/BCLR WRITE CYCLE (See Notes 1 and 2) 


Characteristic 

Symbol 

62350-18 

62350-20 

62350-22 

62350-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

twc 

20 

— 

22 

— 

25 

— 

30 

— 

ns 


Write Pulse Width 

tWLWH^SLSH 

tyVLSH^SLWH 

t W p 

t W p 

14 

— 

16 

— 

18 

— 

20 

— 

ns 


Address Setup to Beginning of 
Write 

tAVWL^AVSL 

*AS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH^AVSH 

*AW 

14 

— 

16 

— 

18 

— 

20 

— 

19 


Data Setup to Beginning of 

Write 

tDVWL^DVSL 

*DS 

0 

— 

0 

— 

-1 

— 

-1 

— 


3 

imbb™ 



0 

— 

0 

— 

0 

— 

0 

— 

ns 


MW 

tWHAX^SHAX 

tWR 

0 

— 

KB 

— 

0 

— 

KB 

— 

ns 


1 1 1 1 III ■— 

*WLMX 

tyVCH 

0 

15 

0 

15 

0 

15 

0 

15 

ns 


BSET/BCLR Setup to 

Beginning of Write 

teSLWL^BSLSL 

tBCLWL^BCLSL 

tBSS 

*BCS 

-1 

— 

-1 

— 

-1 

— 

-1 

— 

ns 

3 

BSET/BCLR Hold Time from 
Write Start 

tWLBSX^SLBSX 

tWLBCX/tSLBCX 

*BSH 

tBCH 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write High to MATCH Valid 

tWHMV 

*WCA 

— 

18 

— 

20 

— 

22 

— 

25 

ns 



NOTES: _ 

1 . A BSE T/B CLR wr ite occurs during the_overlap of W and S low and BSET or BCLR low. The R pin is high continuously during a write cycle. 
BSET and BCLR write cycles can be W controlled or S controlled. Only two of four possible cycles are shown here for brevity. 

2. MATCH assertion is always shown high for distinction betw een as se rted an d valid. 

3. Data output buffer must be in high-Z prior t o start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 
avoid excessive setup tim e of BSET/BC LR to avoid bus contention. Data must be set up for tovWL^DVSL time t0 ensure the data integrity 
of non-modified bits during BSET/BCLR write cycles. In the event that invalid data is presented for non-modified bits during the BSET/BCLR 
write, note that is is not possible to recover the original data state by simply presenting valid data before the end of write. 


BSET WRITE CYCLE BCLR WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 
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CLEAR CYCLE (See Notes 1 and 2) 

Characteristic ~ 

R Low to Inputs Recognized A t 

(Clear Cycle Time) S t 

BSET t F 

BCLR t F 

D_ t 

R Pulse Width t 


Write Hold from R High 

tRHWL 


0 

— 

0 

— 

0 

— 

0 

— 


3 

R Low to Inputs Don’t Care A 
S 

BSET 

BCLR 

D 

tRLAX 

tRLSX 

tRLBSX 

tRLBCX 

tRLDX 

*cx 

tcx 

tCX 

tCX 

*CX 

0 


0 


0 


0 


ns 

4 

R Low to MATCH Assert 

tRLMX 

*MH 

0 

15 

0 

15 

0 

15 

0 

18 

ns 


R Low to Output High-Z 

*RLQZ 

tcz 

- 

15 

- 

15 

- 

15 

— 

18 

ns 

5 


NOTES: _ 

1 . The address, BSET, and BCLR inputs are don’t cares during a clear cycle. 

2. MATCH assertion is always shown high for distinction between asserted and valid. 

3. The clear cycle is initiated at the falling edge of R. The tyvHRL and tRHWL parameters must be satisfied to prevent an undesired configuration 

cycle. _ 

4. “Inputs” for this parameter refers to all inputs except W. 

5. Transition is measured ±500 mV from steady state voltage with load of Figure 1 b. This parameter is sampled and not 1 00% tested. 


CLEAR CYCLE 


(FROM READ CYCLE) 


(FROM COMPARE CYCLE) 


A (ADDRESS) 


S (CHIP SELECT) 


W (WRITE ENABLE) 


BSET (BIT SET) 


BCLR (BIT CLEAR) 




uxxxxx. 

tRLAX — 


r l RLAV 

tRLSX - 

) 

L \ 






tRLSV ** 

.j 


l HLHn ~ / 

\ 1 7 



1 

tRHWL 



\ 



tRLBSV 

tRLBSX 

7 

V /////) 






tRLBCV * 

tRLBCX~ 

7 

777777; 



tRLDV * 



/YWYYY 



vW\XXX/ 



“ tRLDX 


L — •+ 

(ASSERTED) 

~ t RL QZ 



' tRLMX 

(ASSERTED) 


Q (DATA OUT) 
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CONFIGURATION CYCLE (See Notes 1 and 2) 


Characteristic 

Symbol 

62350-18 

62350-20 

62350-22 

62350-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Configuration Control Pulse S 

tSLSH 

*SP 

18 

— 

20 

— 

22 

— 

25 

— 

ns 

3 

Width R 

tRLRH 

*SP 











Data Setup to End of S 

tDVSH 

*DS 

10 

— 

10 

— 

10 

— 

12 

— 

ns 


Configuration Cycle R 

*DVRH 

*DS 











W 

tDVWH 

*DS 











Data Hold from End of S 

tSHDX 

l DH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Configuration Cycle R 

tRHDX 

*DH 











W 

tWHDX 

*DH 











R High Pulse Width 

tRHRL 

*CP 

5 

— 

5 

— 

5 

— 

5 

— 

ns 


Write Setup to R Low 

tWLRL 

tws 

5 

— 

5 

— 

5 

— 

5 

— 

ns 


S Setup to End of 

*SLWH 

tsws 

18 

— 

20 

— 

20 

— 

25 

— 

ns 

4 

Configuration 

tSLRH 

tscs 











R Setup to End of 

tRLWH 

tSR 

18 

— 

20 

— 

20 

— 

25 

— 

ns 


Configuration 













R Setup to S Low 

tRLSL 

tcss 

5 

— 

5 

— 

5 

— 

5 

— 

ns 

3 

S Setup to Beginning of Write 

*SHWL 

twss 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


S High to Output High-Z 

tSHQZ 

tHZ 

— 

9 

— 

9 

— 

9 

— 

10 

ns 

5 

W Low to Output High-Z 

tWLQZ 

tHZ 

— 

9 

— 

9 

— 

9 

— 

10 

ns 

5 


NOTES: 


1 . A configuration cycle is performed during the overlap of W low, R low, and S low. Address, DQ2, DQ3, BSET, and BCLR inputs are don’t 
cares during configuration cycles. 

2. To ensure proper configuration of the device_during power up, diip select must be equal to or greater than Vm- 

3. A valid configuration can be performed with S asserted prior to R and W low transitions. Be aware, however, that array data may be altered 

under this condition. __ 

4. Note that terminating the cycle with R while leaving W and S asserted may cause array data to be altered. 

5. Transition is measured ±500 mV from steady state voltage with load of Figure 1 b. This parameter is sampled and not 1 00% tested. 

CONFIGURATION CYCLE 


(ARRAY PROTECTED) (ARRAY UNPROTECTED) 
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ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 62350 X XX XX 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (18 = 18 ns, 20 = 20 ns, 22 = 22 ns, 25 = 25 ns) 
Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers — MCM62350P18 
MCM62350J18 
MCM62350J18R2 


MCM62350P20 

MCM62350J20 

MCM62350J20R2 


MCM62350P22 MCM62350P25 

MCM62350J22 MCM62350J25 

MCM62350J22R2 MCM62350J25R2 
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MOTOROLA 

SEMICONDUCTOR 


TECHNICAL DATA 


MCM62351 


4Kx4 Bit Cache Address Tag 
Comparator 

with System Status Bit Functions 

The MCM62351 is a 1 6,384 bit cache address tag comparator organized as 4096 tags 
of 4 bits, fabricated using Motorola’s high-performance silicon-gate CMOS technology. 
The device integrates a 4Kx4 SRAM core, an on-board comparator, and special pin 
functions for tag valid and system status bit applications. These functions allow easy 
interface to the MC68020 and MC68030 microprocessors, or any other environment 
where efficient implementation of external cache memory is required. 

The device has a reset (R) pin for flash clear of the RAM, which i s usefu l for system 
initialization. Individual bits within a tag can be set or cleared via the BSET and BCLR 
control input pins for valid bit updates. 

The MCM62351 has two configurable comparator modes. The comparator can be 
configured as standard XNOR (exclusive NOR) for address tag comparison, or AOI 
(AND-OR-Invert) for determining whether specific bits in the 4-bit word are set (for 
system status applications). The configuration of the comparator is accomplished by 
performing a write cycle with the R pin held low. The MATCH output is open drain, allow- 
ing efficient combination of multiple MATCH outputs using a wired-OR connection. 

• Single 5 V ±1 0% Power Supply 

• Fast Address to MATCH Time; 20/22/25 ns max 

• Fast Data to MATCH Time; 1 0/1 0/1 2 ns max 

• Fast Read of Tag RAM Contents; 22/25/30 ns max 

• Flash Clear of the Tag RAM 

• Open Drain MATCH Output 

• Bit Manipulation of Tags via BSET and BCLR Writes 

• Configurable Comparator Modes: 

XNOR Mode for Address Tag Comparison 
AOI Mode for System Valid Bit Comparison 

• High Board Density SOJ Package Available 


BLOCK DIAGRAM 


A0-A6 


R 


DQ0-DQ3 


W 


S 

BSET 

BCLR 


A7-A11 



I 1 H 8 P PACKAGE 

300 MIL PLASTIC 
CASE 724 


J PACKAGE 
300 MIL SOJ 
CASE 81 0A 



PIN ASSIGNMENT 

A4[ 

1 • 24 

3 V CC 

A5[ 

2 23 

] A3 

A6[ 

3 22 

] A2 

A7[ 

4 21 

] A1 

A8[ 

5 20 

] AO 

A9[ 

6 19 

] R 

A10 [ 

7 18 

3 V SS 

All [ 

8 17 

] DQ3 

S[ 

9 16 

] DQ2 

W[ 

10 15 

] DQ1 

bclrC 

11 14 

] DQO 

bseTC 

12 13 

] MATCH 


PIN NAMES 


A0-A11 Address Inputs 

W Write Enable 

S Chip Select 

BCLR Bit Clear Control Input 

BSET Bit Set Control Input 

R Reset (Flash Clear) Input 

MATCH MATCH (Hit) Output 

DQ0-DQ3 Data Input/Output 

Vqq +5 V Power Supply 

Vgs Ground 
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SIGNAL DESCRIPTIONS 


A0-A11 — ADDRESS INPUTS 

The address lines are used for indexing into the tag RAM 
portion of the chip. 

DQ0-DQ3 — DATA INPUT/OUTPUT 

The data lines are used as input for compare, write, and con- 
figuration cycles, and as output for read cycles. 

BSET — BIT SET CONTROL INPUT 
This contro l signal is used for ORing data into the tag RAM 
during BSET write cycles. Independent bits within the tag can 
be set using th e appro priate mask, as indicated in the bit set 
truth table. The BSET input can also be used to initiate a read 
cycle. 

BCLR — BIT CLEAR CONTROL INPUT 

This control signal is use d for AN Ding the complement of 
data into the tag RAM during BCLR write cycles. Independent 


bits within the tag can be cleared using the a ppropri ate mask, 
as indicated in the bit clear truth table. The BCLR input can 
also be used to initiate a read cycle (note that at least one of the 
BSET/BCLR signals must be asserted to trigger a read cycle). 

R — RESET (FLASH CLEAR) INPUT 

The reset control signal is used to initiate a clear cycle or a 
configuration cycle. 

S — CHIP SELECT 

This control signal is used to chip select the device. 

W — WRITE ENABLE 

The write enable signal is used to initiate write cycles. 

MATCH — MATCH (HIT) OUTPUT 

This output signal is used to indicate a match of DQ0-DQ3 
inputs with the contents of the tag RAM addressed by A0-A1 1 . 


FUNCTIONAL TRUTH TABLE 


s 

W 

BCLR 

BSET 

R 

DQ0-DQ3 

MATCH 

Cycle 

L 

H 

H 

H 

H 

Compare Dj n 

Valid 

Compare 

L 

H 

L 

X 

H 

Read D 0 yt 

Assert 

Read 

L 

H 

X 

L 

H 

Read D 0 yt 

Assert 

Read 

L 

L 

H 

H 

H 

Write Dj n 

Assert 

Write 

L 

L 

L 

H 

H 

Bit Clear Mask 

Assert 

BCLR Write 

L 

L 

H 

L 

H 

Bit Set Mask 

Assert 

BSET Write 

X 

H 

X 

X 

L 

High-Z 

Assert 

Clear (Reset) 

L 

L 

X 

X 

L 

Config Dj n * 

Assert 

Configuration 

H 

X 

X 

X 

H 

High-Z 

Assert 

Deselect 


*DQ1 , DQ2, and DQ3 are don’t cares during a configuration cycle. 


COMPARATOR TRUTH TABLE 


Type 

DQO 

DQ1 

DQ2 

DQ3 

RAMQO 

RAMQ1 

RAMQ2 

RAMQ3 

MATCH 

XNOR 

QO 

Q1 

Q2 

Q3 

QO 

Q1 

Q2 

Q3 

1 

XNOR 

QO 

Q1 

Q2 

Q3 

QO 

Q1 

Q2 

Q3 

0 

AOI 

QO 

Q1 

Q2 

Q3 

QO 

Q1 

Q2 

Q3 

1 

AOI 

L 

Q1 

Q2 

Q3 

X 

Q1 

Q2 

Q3 

1 

AOI 

H 

Q1 

Q2 

Q3 

L 

Q1 

Q2 

Q3 

0 


BIT CLEAR TRUTH TABLE (See Note) 


Data 

Initial 

Final 


In 

Stored Data 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

0 

0 

Bit Cleared 

1 

1 

0 

to “Zero” 


NOTE: These tables reflect the behavior of single bit positions. The 
four bits in the tag can all be set or cleared in tandem, or bits 
within the tag can be independently set or cleared with the ap- 
propriate mask. 


CONFIGURATION TABLE 


DQO 

Comparator 

Type 

L 

H 

XNOR 

AOI 


BIT SET TRUTH TABLE (See Note) 


Data 

Initial 

Final 


In 

Stored Data 

Stored Data 


0 

0 

0 

Bit 

0 

1 

1 

Unchanged 

1 

1 

0 

1 

1 

1 

Bit Set 
to “One” 


AOI COMPARATOR LOGIC DIAGRAM 
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MCM62351 


This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-impe- 
dance circuit. 

The power supply (Vqq) should be 
stable for at least 100 ps before operating 
the device. During this interval, the part will 
internally configure itself for XNOR com- 
pares. In addition, the memory array of 
RAM bits will be cleared. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Referenced to V S s = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 


V CC + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

— 

0.8 

V 


*V|[_ min = -0.5 V dc; V||_ min = -3.0 V ac (pulse width <20 ns) 

DC CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs Vj n = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

HA 

Output Leakage Current (S = Vjj-j, V ou t = 0 to Vqq) 

! lkq(0) 

— 

±1.0 

P A 

MATCH Output Leakage Current (MATCH Asserted) 

'lkq(M) 

— 

±2.0 

H A 

AC Supply Current (All Inputs = V|l or V|h, l 0 ut = 0 mA > Cycle Time > t A v A v min) 

'CCA 

- 

140* 

mA 

Output Low Voltage (I/O Pins: Iql = 8.0 mA, MATCH Output: Iql = 25-0 mA) 

V 0 L 

— 

0.4 

V 

Output High Voltage (I/O Pins: Iqh = 4.0 mA) 

v OH 

2.4 

— 

V 


*Iqq active current for the clear cycle exceeds this specification. However, this is a transient phenomenon and will not affect the power dissipation 
of the device. Good decoupling of the local power supply should always be used. 


ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vqs = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 

V 

Voltage Relative to Vqs for Any Pin 

Except Vqq 

Yr/Vout 

-0.5 to Vqq +0.5 

V 

Output Current MATCH Output 

I/O Pins, Per I/O 

'out 

±40 

±20 

mA 

Power Dissipation (T A = 25°C) 

Pd 

1.0 

W 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature 

T Stq 

-55 to +125 

°C 

Temperature Under Bias 

T bias 

-10 to +85 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for ex- 
tended periods of time could affect device reliability. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cin 

4 

5 

pF 

I/O Capacitance 

c out 

5 

7 

PF 

MATCH Output Capacitance 

C match 

6 

7 

PF 


AC TEST LOADS 


+5 V 



481 


30 pF 

(INCLUDING 
SCOPE AND JIG) 



+5 V 


i 


481 


5pF 

(INCLUDING 
SCOPE AND JIG) 


MATCH 


+5 V 



184 


50 pF 

(INCLUDING 
SCOPE AND JIG) 



Figure la 


Figure 1b 


Figure 1c 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5.0 v ±10%. Ta = 0 to 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load (I/O Pins) See Figure la 

Input Rise/Fall Time 5 ns Output Load (MATCH Output) See Figure 1c 


READ CYCLES (See Note 1) 


Characteristic 

Symbol 

62351-18 

62351-20 

62351-22 

62351-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

IRC 

20 

— 

22 

— 

25 

— 

30 

_ 

ns 


Address Access Time 

*AVQV 

*AA 

— 

20 

— 

22 

— 

25 

— 

30 

ns 


Select Access Time 

tSLQV 

*ACS 

— 

10 

— 

11 

— 

12 

— 

15 

ns 


BCLR Access Time 

iBCLQV 

*ABC 

— 

EM 

— 

El 

— 

El 

— 


El 

2 

BSET Access Time 

iBSLQV 

l ABS 

— 


— 

n 

— 

mm 

— 

BB 


2 

Output Hold from Address 
Change 

*AXQX 

*OH 

0 

— 

0 

— 

0 

— 

0 

— 



Select Low to Output Active 

tSLQX 

ICSL 

5 

— 

a 

— 

n 

— 

5 

— 

ns 

3 

BSET/BCLR Low to Output 
Active 

tBSLQX/tBCLQX 

tLZ 

7 

— 

■ 

— 

10 

— 

10 

— 



S High to Output High-Z 

ISHQZ 

icsz 

— 

7 

— 

8 

— 

9 

— 

10 

if 

KJH 

BSET/BCLR High to Output 
High-Z 

tBSHQZ^BCHQZ 

tHZ 

— 

7 

— 

8 

— 

9 

— 

10 

ns 

3 

BSET/BCLR Low to MATCH 
Assert 

tBSLMX/tBCLMX 

tCH 

0 

15 

0 

15 

0 

15 

0 

18 

ns 



NOTES: _ __ 

1 . R = V|h, W = Vjh continuously during read cycles. O ne of eit her BSET or BCLR pins must be asserted low to activate the outputs. The MATCH 

output becomes asserted when either the BSET or BCLR p in transitions low. „„ 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

3. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 

READ CYCLE 


(ADDRESS CONTROLLED) 



(S CONTROLLED) 


IX 


x: 


l SLQX 


l SLQV 




HIGH-Z 


f 


*SHQZ" 




tBSHQZ" 


/ 


tBCHQZ ' 


KEK OUTPUT VALID ) [ 
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COMPARE CYCLE (See Note 1) 


Characteristic 

Symbol 

62351-18 

62351-20 

62351-22 

62351-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Compare Cycle Time 

*AVAV 

tc 

20 

— 

22 

— 

25 

— 

30 

— 

ns 


Address Valid to MATCH Valid 

VWMV 

*ACA 

— 

18 

— 

20 

— 

22 

— 

25 

ns 


BCLR High to MATCH Valid 

l BCHMV 

tBCCA 

— 

15 

— 

15 

— 

15 

— 

18 

ns 

2 

BSET High to MATCH Valid 

tBSHMV 

teSCA 

— 

15 

— 

15 

— 

15 

— 

18 

ns 

2 

Data Valid to MATCH Valid 

tDVMV 

*DCA 

— 

10 

— 

10 

— 

10 

— 

12 

ns 


S Low to MATCH Valid 

*SLMV 

tCSCA 

__ 

12 

— 

12 

— 

15 

— 

18 

ns 


MATCH Hold from Address 
Change 

*AXMX 

*ACH 

5 

— 

5 

— 

5 

— 

5 

— 

ns 


MATCH Hold from Data 

Change 

l DXMX 

*DCH 

2 

— 

3 

— 

3 

— 

3 

— 

ns 


S High to MATCH Assert 

*SHMX 

*CH 

0 

10 

0 

10 

0 

10 

0 

12 

ns 


BCLR High to Output High-Z 

tBCHQZ 

{ BCZ 

— 

7 

— 

8 

— 

9 

— 

10 

ns 

3 

BSET High to Output High-Z 

‘bshqz 

'BSZ 

— 

7 

— 

8 

— 

9 

— 

10 

ns 

3 


NOTES: _ 

1 . R = V||_j, W = V|h continuously during compare cycl es. 

2. For brevity in signal names, BC is used to represent BCLR transitions, while BS is used to represent BSET transitions. 

3. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


COMPARE CYCLE 


(ADDRESS CONTROLLED) 



(S CONTROLLED) 


DC 


)C 
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STANDARD WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

62351-18 

62351-20 

62351-22 

62351-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

tAVAV 

twc 

20 

— 

22 

— 

25 

— 

30 

__ 

ns 


Write Pulse Width 

tWLWH/tSLSH 

tWLSH^SLWH 

twp 

twp 

14 

— 

16 

— 

18 

— 

20 

— 

ns 


Address Setup to Beginning of 
Write 

tAVWL^AVSL 

*AS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH/tAVSH 

*AW 

14 

— 

16 

— 

18 

— 

20 

— 

ns 


Data Valid to End of Write 

^DVWH^DVSH 

tow 

10 

— 

10 

— 

10 

— 

12 

— 

ns 


Data Hold from Write End 

tWHDX/tSHDX 

toH 

0 

— 

0 

— 

0 

— 

0 

— 



Write Low to Output High-Z 

tWLQZ 

*wz 

— 

8 

— 

8 

— 

9 

— 

10 

ns 

2,3 

Address Hold from Write End 

tWHAX^SHAX 

tWR 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Write Low to MATCH Assert 

*WLMX 

*WCH 

0 

15 

0 

15 

0 

15 

0 

15 

ns 

3 

BSET/BCLR Setup to 

Beginning of Write 

tBSHWL/tBSHSL 

tBCHWL/tBCHSL 

toss 

toes 

-1 

— 

-1 

— 

-1 

— 

-1 

— 

ns 


BSET/BCLR Hold Time from 
Write Start 

tWLBSX/tSLBSX 

tWLBCX/tSLBCX 

toSH 

toCH 

10 


10 

— 

10 

— 

10 

— 

ns 


Write High to MATCH Valid 

tWHMV 

to/CA 

— 

18 

— 

20 

— 

22 

— 

25 

ns 

3 

Write High to Output Active 

‘whqx 

»ow 

3 

— 

3 

— 

5 

— 

5 

— 

ns 

2,3 


N0TES: _ 

1 . A standard write occurs during the overlap of W and S low and BSET and BCLR high. The R pin is high continuously during a write cycle. 

2. Transition is measured ±500 mV from steady state voltage withjoad of Figure 1 b. This parameter is sampled and not 1 00% tested. 

3. Both the MATCH output and Q0-Q3 are shown as valid in the W controlled cycle b elow to con vey their timing relative to W. In reality, only 
one of either MATCH or Q0-Q3 can be valid at one time, as determined by BSET and BCLR inputs. 


A (ADDRESS) 


S (CHIP SELECT) 


W (WRITE ENABLE) 


BSET (BIT SET) 


BCLR (BIT CLEAR) 


D (DATA IN) 


Q (DATA OUT) 


MATCH 


STANDARD WRITE CYCLE 
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BSET/BCLR WRITE CYCLE (See Note 1) 


Characteristic 

Symbol 

62351-18 

62351-20 

62351-22 

62351-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

20 

— 

22 

— 

25 

— 

30 

— 

ns 


Write Pulse Width 

tWLWH^SLSH 

tWLSH^SLWH 

t W p 

t W p 

14 

— 

16 

— 

18 

— 

20 

— 

ns 


Address Setup to Beginning of 
Write 

*avwl/*avsl 

*AS 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH^AVSH 

*AW 

14 

— 

16 

— 

18 

— 

20 

— 

ns 


Data Setup to Beginning of 

Write 

tDVWL^DVSL 

*DS 

0 

— 

0 

— 

B 

B 

B 

B 



Data Hold from Write End 

tWHDX^SHDX 


0 

— 

0 

— 

0 

— 

0 

— 

129 


Address Hold from Write End 

tWHAX^SHAX 

*WR 

0 

— 

0 

— 

0 

— 

0 

— 



W Low to MATCH Assert 



0 

■a 

0 

■a 

0 

■a 

0 

■a 

mu 


BSET/BCLR Setup to 

Beginning of Write 

^BSLWL^BSLSL 

*BCLWL/tBCLSL 


■ 

— 

-1 

— 

-1 

— 

-1 


ns 

2 

BSET/BCLR Hold Time from 
Write Start 

tWLBSX^SLBSX 

tWLBCX^SLBCX 

tBSH 

*BCH 

10 

— 

10 

— 

10 

— 

10 

— 

ns 


Write High to MATCH Valid 

tWHMV 

tWCA 

— 

18 

— 

20 

— 

22 

— 

25 

ns 



NOTES: __ 

1 . A BSE T/B CLR wr ite occurs during the_overlap of W and S low and BSET or BCLR low. The R pin is high continuously during a write cycle. 
BSET and BCLR write cycles can be W controlled or S con trolled . O nly two of four possible cycles areshown here for brevity. 

2. Data output buffer must be in high-Z prior t o start of either BSET or BCLR write cycles. Note that for W controlled cycles, the user must 
avoid excessive setup tim e of BSET/BC LR to avoid bus contention. Data must be set up for tpvWL^DVSL time t0 ensure the data integrity 
of non-modified bits during BSET/BCLR write cycles. In the event that invalid data is presented for non-modified bits during the BSET/BCLR 
write, note that is is not possible to recover the original data state by simply presenting valid data before the end of write. 


BSET WRITE CYCLE BCLR WRITE CYCLE 

(W CONTROLLED) (S CONTROLLED) 
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CLEAR CYCLE (See Note 1) 


Characteristic 

Symbol 

62351-18 

62351-20 

62351-22 

62351-25 


|j^2| 

Standard 

Alternate 

Min 

Max 

Min 

Max 

ESQIi 

ca 

29 


R Low to Inputs Recognized A 

tRLAV 

*CR 

— 

70 

— 

70 

■ 

70 

■HB 



SB 

(Clear Cycle Time) S 

tRLSV 

*CR 





■ 


■ 




BSET 

tRLBSV 

k)R 





■ 


■ 




BCLR 

tRLBCV 

*CR 





■ 


■ 




D 

tRLDV 

tCR 





99 





2 9 

R Pulse Width 

tRLRH 

*CLP 

20 

— 

22 

— 

b 

— 

BfeiiiB 

— 

29 





m 

— 

5 

— 

5 

— 

mm 

— 

29 

2 

I INI III I — 

tRHWL 


0 

— 

0 

— 

0 

— 

0 

— 

29 

2 

R Low to Inputs Don’t Care A 

tRLAX 

*CX 

0 

WBM 


WBM 


B 


29 

29 

3 

S 

tRLSX 

*CX 


■ 


■ 




^9 

■ 


Hum 

tRLBSX 

*CX 


■Bp 


■ 


H 


^9 

■ 



tRLBCX 

*CX 






^9 



■ 



tRLDX 

*CX 


9 


9 


■ 


m 

■ 



*RLMX 

l MH 

0 

mm 

0 

mm 

0 

mm 

0 

B 

29 



‘rlqz 

, Jcz 

— 

mm 

— 

mm 

— 

mm 

— 

mm 

191 

4 


NOTES: 

1 . The address, BSET, and BCLR inputs are don’t cares during a clear cycle. 

2. The clear cycle is initiated at the falling edge of R. The tyvHRL and *RHWL parameters must be satisfied to prevent an undesired configuration 

cycle. _ 

3. “Inputs” for this parameter refers to all inputs except W. 

4. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 


CLEAR CYCLE 

(FROM READ CYCLE) (FROM COMPARE OR WRITE CYCLE) 
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CONFIGURATION CYCLE (See Notes 1 and 2) 


Characteristic 

Symbol 

62351-18 

62351-20 

62351-22 

62351-25 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Configuration Control Pulse S 

tSLSH 

*SP 

18 

— 

20 

— 

20 

— 

25 

— 

ns 

3 

Width R 

tRLRH 

*SP 











Data Setup to End of S 

*DVSH 

*DS 

10 

— 

10 

— 

10 

— 

12 

— 

ns 


Configuration Cycle R 

tDVRH 

*ds 











W 

*DVWH 

*ds 











Data Hold from End of S 

*SHDX 

*DH 

0 

— 

0 

— 

0 

— 

0 

— 

ns 


Configuration Cycle R 

tRHDX 

*DH 











W 

tWHDX 

*DH 











R High Pulse Width 

tRHRL 

*CP 

5 

— 

5 

— 

5 

— 

5 

■51 

ns 


Write Setup to R Low 

tWLRL 


5 

— 

5 

— 

5 

— 

5 

— 

fii 


S Setup to End of 



18 

— 


n 


— 

Q 

— 


B 

Configuration 






■ 



■ 



m 




18 

— 


— 


— 

E 




EE 









■ I 

■ 



R Setup to S Low 

tRLSL 


5 

— 

5 

— 

5 

— 

5 

— 


3 

iBBEBB 



0 

— 

0 

— 

0 

— 

0 

— 



S High to Output High-Z 

tSHQZ 

tHZ 

— 

9 

— 

9 

— 

9 

— 

mm 

■Q 


W Low to Output High-Z 

te-Qz 

tHZ 

— 

9 

— 

9 

— 

9 

— 

10 

ns 



NOTES: _ _ 

1 . A configuration cycle is performed during the overlap of W low, R low, and S low. Address, DQ1 , DQ2, DQ3, BSET, and BCLR inputs are 
don’t cares during configuration cycles. 

2. To ensure proper configuration of the deviceduring power up, diip select must be equal to or greater than V|h- 

3. A valid configuration can be performed with S asserted prior to R and W low transitions. Be aware, however, that array data may be altered 
under this condition. 

4. Note that terminating the cycle with R while leaving W and S asserted may cause array data to be altered. 

5. Transition is measured ±500 mV from steady state voltage with load of Figure 1b. This parameter is sampled and not 100% tested. 

CONFIGURATION CYCLE 


(ARRAY PROTECTED) (ARRAY UNPROTECTED) 
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ORDERING INFORMATION 


(Order by Full Part Number) 


Motorola Memory Prefix 
Part Number 


MCM 62351 X XX XX 



r~ 












Shipping Method (R2 = Tape & Reel, Blank = Rails) 
Speed (1 8 = 1 8 ns, 20 = 20 ns, 22 = 22 ns, 25 = 25 ns) 
Package (P = 300 mil Plastic DIP, J = 300 mil SOJ) 


Full Part Numbers — MCM62351 PI 8 
MCM62351 J18 
MCM62351 J18R2 


MCM62351 P20 
MCM62351 J20 
MCM62351 J20R2 


MCM62351 P22 
MCM62351 J22 
MCM62351 J22R2 


MCM62351 P25 
MCM62351 J25 
MCM62351 J25R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62486 


32K x 9 Bit BurstRAM™ 

Synchronous Static RAM 

With Burst Counter and Self-Timed Write 


The MCM62486 is a 294,912 bit synchronous static random access memory 
designed to provide a burstable, high-performance, secondary cache for the 
i486 microprocessor. It is organized as 32,768 words of 9 bits, fabricated with 
Motorola’s high-performance silicon-gate CMOS technology. The device 
integrates input registers, a 2-bit counter, high speed SRAM, and high drive 
capability outputs onto a single monolithic circuit for reduced parts count 
implementation of cache data RAM applications. Synchronous design allows 
precise cycle control with the use of an external clock (K). CMOS circuitry 
reduces the overall power consumption of the integrated functions for greater 
reliability. 

Addresses (A0-A14), data inputs (D0-D8), and all control signals except 
output enable (G) are clock (K) controlled through positive-edge-triggered 
noninverting registers. 

Bursts can be initiated with eit her add ress status processor (ADSP) or 
address status cache controller (ADSC) input pins. Subsequent burst 
addresses can be generated internally by the MCM62486 (burst seque nce 
imitates that of the i486) and controlled by the burst address advance (ADV) 
input pin. The following pages provide more detailed information on burst 
controls. 

Write cycles are internally self-timed and are initiated by the rising 
edge of the clock (K) input. This feature eliminates complex off-chip 
write pulse generation and provides increased flexibility for incoming 
signals. 

The MCM62486 will be available in a 44-pin plastic leaded chip 
carrier (PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0-DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 10% Power Supplies for Output 
Level Compatibility 

• Fast Access Times: 14/19/24 ns Max and Cycle Times: 20/25/30 ns Min 

• Internal Input Registers (Address, Data, Control) 

• Internally Self-Timed Write Cycle 

• ADSP, ADSC, and ADV Burst Control Pins 

• Asynchronous Output Enable Controlled Three-State Outputs 

• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per I/O 

• High Board Density PLCC Package 

• Fully TTL-Compatible 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 



FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


I < I < i > < << < 



All 

A12 

A13 

A14 

V SS 

DQ7 

DQ6 

V SSQ 

V CCQ 

DQ5 

DQ4 


PIN NAMES 

A0-A14 ... 

Address Inputs 

K 

Clock 

W 

Write Enable 

G 

Output Enable 

SO, SI 

Chip Selects 

ADV 

Burst Address Advance 

ADSP, ADSC Address Status 

DQ0-DQ8 . 

Data Input/Output 

Vcc 

+ 5 V Power Supply 

V CCQ 

Output Buffer Power Supply 

v ss 

Ground 

V SSQ 

Output Buffer Ground 


All power supply and ground pins must be 
connected for proper operation of the device. 
Vqc ^ Vqqq at all times including power up. 


BurstRAM is a trademark of Motorola, Inc. 
i486 is a trademark of Intel Corp. 
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BLOCK DIAGRAM (See Note) 



NOTE: All registers are p ositive- edge triggered. The ADSC or ADSP signals control the duration of the burst and the s tart of t he 
next burst. When ADSP is sampled low, any ong oing bu rst is interrupted an d a rea d (independent of W and ADSC) is 
performed using the new external address. WhervADSC is sampled low (and ADSP is sampled high), any ongoing burst 
is interrupted and a read or write (dependent on W) is performed using the new externa l addr ess. Chip selects (SO, SI) 
are sampled only w hen a new base address is loaded. After the first cycle of the burst, ADV cont rols s ubsequent burst 
cycles. When ADV is sampled low, the internal address is advanced prior to the operation. When ADV is sampled high, 
the internal address is not advanced, thus inserting a wait state into the burst sequence accesses. Upon completion of 
a burst, the address will wrap around to its initial state. See BURST SEQUENCE TABLE. 


BURST SEQUENCE TABLE (See Note) 


External Address 

A14-A2 

A1 

AO 

1st Burst Address 

A14-A2 

A1 

AO 

2nd Burst Address 

A14-A2 

AT 

AO 

3rd Burst Address 

A14-A2 

AT 

AO 


NOTE: The burst wraps around to its initial state upon 
completion. 
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SYNCHRONOUS TRUTH TABLE (See Notes 1 , 2, 3, and 4) 


s 

ADSP 

ADSC 

ADV 

W 

K 

Address Used 

Operation 

F 

L 

X 

X 

X 

L-H 

N/A 

Deselected 

F 

X 

L 

X 

X 

L-H 

N/A 

Deselected 

T 

L 

X 

X 

X 

L-H 

External Address 

Read Cycle, Begin Burst 

T 

H 

L 

X 

L 

L-H 

External Address 

Write Cycle, Begin Burst 

T 

H 

L 

X 

H 

L-H 

External Address 

Read Cycle, Begin Burst 

X 

H 

H 

L 

L 

L-H 

Next Address 

Write Cycle, Continue Burst 

X 

H 

H 

L 

H 

L-H 

Next Address 

Read Cycle, Continue Burst 

X 

H 

H 

H 

L 

L-H 

Current Address 

Write Cycle, Suspend Burst 

X 

H 

H 

H 

H 

L-H 

Current Address 

Read Cycle, Suspend Burst 


NOTES: 

1 . X means Don’t Care. 

2. All inputs except G must meet setup and hold times for the low-to-high transition of clock (K). 

3. S represents SO and ST. T implies ST = L and SO = H; F implies ST = H or SO = L. 

4. Wait states are inserted by suspending burst. 


ASYNCHRONOUS TRUTH TABLE (See Notes 1 and 2) 


Operation 

G 

I/O Status 

Read 

L 

Data Out (DQ0-DQ8) 

Read 

H 

High-Z 

Write 

X 

High-Z — Data In (DQ0-DQ8) 

Deselected 

X 

High-Z 


NOTES: 

1 . X means Don’t Care. 

2. For a write operation following a read operation, G must be high before the input 
data required setup time and held high through the input data hold time. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Output Power Supply Voltage 

V CCQ 

- 0.5 to Vqc 

V 

Voltage Relative to V§s 

Yn> V 0 ut 

-0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

’out 

±20 

mA 

Power Dissipation Oa = 70°C, Vqq = 5 V, 
*KHKH = 2 0 n s) 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, T/\ = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V S s = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ 




V 

(5.0 V TTL Compatible) 

4.5 

5.0 

5.5 


(3.3 V 50 Q Compatible) 


3.0 j 

3.3 

3.6 


Input High Voltage 

V| H 

2.2 

3.0 

V CC + 0.3 

V 

Input Low Voltage 

V| L 

-0.5* 

0.0 

0.8 

V 


* V||_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

! lkg(l) 

- 

±1.0 

|xA 

Output Leakage Current (G, ST = Vm, SO = V|[_, V out = 0 to Vccq) 

'lkg(O) 

- 

±1.0 

fiA 

AC Supply Current (G, ST, = Vm, SO = V|[_, 

All Inputs = V||_ = 0.0 V and V|^ > 3.0 V, l out = 0 mA, 

Cycle Time > t«HKH min) 

>CCA 

" 

180 

mA 

Standby Current (ST = Vm. SO = V|j_, All Inputs = V|l and V|n ? Cycle Time > Ikhkh min ) 

*SB1 

- 

40 

mA 

CMOS Standby Current (ST > V C c - 0.2 V, SO < 0.2 V, All Inputs > V C c ~ 0.2 V or < 0.2 V, 

Cycle Time > t|<HKH min ) 

! SB2 


30 

mA 

Output Low Voltage (Iql = + 8-0 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = ~ 4 -0 mA) 

v OH 

2.4 

- 

V 


NOTE: Good decoupling of the local power supply should always be used. DC characteristics are guaranteed for all possible i486 bus cycles. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ8) 

^in 

2 

3 

pF 

Input/Output Capacitance (DQ0-DQ8) 

c l/0 

7 

8 

pF 


MOTOROLA MEMORY DATA 


7-94 






M CM 62486 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Vqcq = 5.0 V or 3.3 V ± 10%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 

READ/WRITE CYCLE TIMING (See Notes 1 , 2, and 3) 


D 


NOTES: 

1 . A read cycle is defined by W high or ADSP low for the setup and hold times. A write cycle is defined by W low and ADSP high for the setup and 
hold times. 

2. All read and write cyclejimings are referenced from K or G. 

3. G is a don’t care when W is sampled low. 

4. Maximum access times are guaranteed for all possible i486 external bus cycles. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tj<HQZ max IS ,ess than *KHQX1 min for a 9 iven device and from device to device. 

6. Thi s is a sy nchronous device. All addresses must meet the specified setup and hold times for ALL rising edges of clock (K) whenever ADSP 
and ADSC is low and the chip is selected. All other synchronous inputs must meet the specified setup and hold times fo r ALL r isi ng edge s of K 
when the chip is selected.Chip select must be true (SI low and SO high) at each rising edge of clock for the device (when ADSP or ADSC is low) 
to remain enabled. Timings for Si and SO are similar. 


Parameter 

Symbol 

MCM62486-14 

MCM62486-19 

MCM62486-24 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Cycle Time 

ikhkh 

tCYC 

20 

- 

25 

- 

30 

— 

ns 


Clock Access Time 

tKHQV 

*CD 

— 

14 

- 

19 

— 

24 

ns 

4 

Output Enable to Output Valid 

tGLQV 

*OE 

- 

6 

— 

7 

— 

8 

ns 


Clock High to Output Active 

tKHQXI 

*DC1 

CO 

- 

8 

- 

8 

- 



Clock High to Output Change 

t KHQX2 

*DC2 

4 

— 

4 

- 

4 

- 



Output Enable to Output Active 

tGLQX 

*OLZ 

0 

- 

0 

— 

0 

- 

ns 


Output Disable to Q High-Z 

tGHQZ 

*OHZ 

- 

7 

— 

8 

- 

9 

ns 

5 

Clock High to Q High-Z 

*KHQZ 

tcz 

- 

8 

- 

8 

- 

8 

ns 


Clock High Pulse Width 

*KHKL 

*CH 

8 

— 

9 

- 

11 

- 



Clock Low Pulse Width 

tKLKH 

*CL 

8 

- 

9 

- 

11 

- 

ns 


Setup Times: Address 

Address Status 
Data In 
Write 

Address Advance 
Chip Select 

*AVKH 

tADSVKH 

*DVKH 

*WVKH 

tADVVKH 

tSOVKH 

tSIVKH 

'AS 

*SS 

*DS 

*WS 

3 


3 

i 

| 

| 

3 


ns 

6 

Hold Times: Address 

Address Status 
Data In 
Write 

Address Advance 
Chip Select 

*KHAX 

*KHADSX 

*KHDX 

*KHWX 

*KHADVX 

tKHSOX 

*KHS1X 

*AH 

*SH 

*DH 

*WH 

2 


2 


2 



ns 

6 


AC TEST LOADS 




MOTOROLA MEMORY DATA 


7-95 









MOTOROLA MEMORY DATA 



NOTE: Q1 (A2) represents the first output data from the base address A2; Q2(A2) represents the next output data in the burst sequence with A2 as the base address. 





MOTOROLA MEMORY DATA 


WRITE CYCLES 


tADSVKHt 


ADSP 


Z 7 XXL 


ADSC 


xx vxxxxxxy vxxxxxxy w vxy vxx vxy wv /tt 


tAVKH- 


ADDRESS 


tSOVKf 


izr^SL 


M W W'WW'W W 


tADSVKH-l 


t KHADSX 


ADSC EXTENDS BURST- 


- tKHAX 


Mm) o^m xxxxxxxxxxxxxxxxxxxxxxx) r^(^ 


xxxxxxi 

xx xxxXxxx MXm XX\ /& A XXX XXX XXX 


W IS IGNORED FOR FIRST CYCLE WHEN ADSP INITIATES BURST 


tWVKH- 


- tKHSOX 


*■« SE sr rmy ' "\ xxxxxxxxxxxxxxxxxxxxxxxxxxy xxxx 


w 


tKHWX 




tADVVKH" 


xxxxxxy XXXXXXXX XXX X77 ^ x\ xx\ mm 


— t KHADVX 

MXXX 


ADV SUSPENDS BURS? 


I 


DATA IN 


tDVKH- 


D1(A1) 


D1(A2) XX D2(A2) XX D2(A2) XX D3(A2) XX D4(A2) XX D1(A3) 


XX D1(A3) Xa Dg (A3) XX D3(A3) X 


- tKHDX 


DATAOUT XX XX 


• tGHQZ 


BURST READ ■ 


SINGLE WRITE - 


BURST WRITE 


EXTENDED BURST WRITE 


MCM62486 





MOTOROLA MEMORY DATA 
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MCM62486 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 


Motorola Memory Prefix 


62486 


x 


XX 

T 


Speed (14 = 14 ns, 19 = 19 ns, 24 = 24 ns) 


Part Number 


Package (FN = PLCC) 


Full Part Number- MCM62486FN 14 MCM62486FN19 MCM62486FN24 



MOTOROLA MEMORY DATA 


7-99 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62486A 


32K x 9 Bit BurstRAM™ 

Synchronous Static RAM 

With Burst Counter and Self-Timed Write 

The MCM62486A is a 294,912 bit synchronous static random access memory 
designed to provide a burstable, high-performance, secondary cache for the 
i486 microprocessor. It is organized as 32,768 words of 9 bits, fabricated with 
Motorola’s high-performance silicon-gate CMOS technology. The device 
integrates input registers, a 2-bit counter, high speed SRAM, and high drive 
capability outputs onto a single monolithic circuit for reduced parts count 
implementation of cache data RAM applications. Synchronous design allows 
precise cycle control with the use of an external clock (K). CMOS circuitry 
reduces the overall power consumption of the integrated functions for greater 
reliability. 

Addresses (A0-A14), data inputs (D0-D8), and all control signals except 
output enable (G) are clock (K) controlled through positive-edge-triggered 
noninverting registers. 

Bursts can be initiated with eit her add ress status processor (ADSP) or 
address status cache controller (ADSC) input pins. Subsequent burst 
addresses can be generated internally by the MCM62486 (burst seque nce 
imitates that of the i486) and controlled by the burst address advance (ADV) 
input pin. The following pages provide more detailed information on burst 
controls. 

Write cycles are internally self-timed and are initiated by the rising 
edge of the clock (K) input. This feature eliminates complex off-chip 
write pulse generation and provides increased flexibility for incoming 
signals. 

The MCM62486A will be available in a 44-pin plastic leaded chip 
carrier (PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0-DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 




< sc >* < < < < 



39p All 


• Single 5 V± 10% Power Supply 

• Choice of 5 V or 3.3 V ± 10% Power Supplies for Output 
Level Compatibility 

• Fast Access Times: 14/19/24 ns Max and Cycle Times: 20/25/30 ns Min 

• Internal Input Registers (Address, Data, Control) 

• Internally Self-Timed Write Cycle 

• ADSP, ADSC, and ADV Burst Control Pins 

• Asynchronous Output Enable Controlled Three-State Outputs 

• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per I/O 

• High Board Density PLCC Package 

• Fully TTL-Compatible 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 


PIN NAMES [ 

A0-A14 .. 

Address Inputs 

K 

Clock 

W 

Write Enable 

G 

Output Enable 

S0.S1 .... 

Chip Selects 

ADV 

Burst Address Advance 

ADSP, ADSC Address Status 

DQ0-DQ8 

Data Input/Output 

Vcc 

+ 5 V Power Supply 

V CCQ • • • • 

Output Buffer Power Supply 

v S s 

Ground 

V SSQ •••■ 

Output Buffer Ground 


All power supply and ground pins must be 
connected for proper operation of the device. 
Vqq > Vqqq at all times including power up. 


BurstRAM is a trademark of Motorola, Inc. 
i486 is a trademark of Intel Corp. 


MOTOROLA MEMORY DATA 


7-100 






M CM 62486 A 


BLOCK DIAGRAM (See Note) 



NOTE: All registers are p ositive- edge triggered. The ADSC or ADSP signals control the duration of the burst and the s tart of t he 
next burst. When ADSP is sampled low, any ong oing bu rst is interrupted an d a rea d (independent of W and ADSC) is 
performed using the new external address. WherrADSC is sampled low (and ADSP is sampled high), any ongoing burst 
is interrupted and a read or write (dependent on W) is performed using the new externa l addr ess. Chip selects (SO, SI ) 
are sampled only w hen a new base address is loaded. After the first cycle of the burst, ADV cont rols s ubsequent burst 
cycles. When ADV is sampled low, the internal address is advanced prior to the operation. When ADV is sampled high, 
the internal address is not advanced, thus inserting a wait state into the burst sequence accesses. Upon completion of 
a burst, the address will wrap around to its initial state. See BURST SEQUENCE TABLE. 



BURST SEQUENCE TABLE (See Note) 


External Address 

A14-A2 

A1 

AO 

1 st Burst Address 

A14-A2 

A1 

AO 

2nd Burst Address 

A14-A2 

AT 

AO 

3rd Burst Address 

A14-A2 

AT 

AO 


NOTE: The burst wraps around to its initial state upon 
completion. 


MOTOROLA MEMORY DATA 
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MCM62486A 


SYNCHRONOUS TRUTH TABLE (See Notes 1 , 2, 3, and 4) 


s 

ADSP 

ADSC 

ADV 

W 

K 

Address Used 

Operation 

F 

L 

X 

X 

X 

L-H 

N/A 

Deselected 

F 

X 

L 

X 

X 

L-H 

N/A 

Deselected 

T 

L 

X 

X 

X 

L-H 

External Address 

Read Cycle, Begin Burst 

T 

H 

L 

X 

L 

L-H 

External Address 

Write Cycle, Begin Burst 

T 

H 

L 

X 

H 

L-H 

External Address 

Read Cycle, Begin Burst 

X 

H 

H 

L 

L 

L-H 

Next Address 

Write Cycle, Continue Burst 

X 

H 

H 

L 

H 

L-H 

Next Address 

Read Cycle, Continue Burst 

X 

H 

H 

H 

L 

L-H 

Current Address 

Write Cycle, Suspend Burst 

X 

H 

H 

H 

H 

L-H 

Current Address 

Read Cycle, Suspend Burst 


NOTES: 

1 . X means Don’t Care. 

2. All inputs except G must meet setup and hold times for the low-to-high transition of clock (K). 

3. S represents SO and SI . T implies ST = L and SO = H; F implies ST = H or SO = L. 

4. Wait states are inserted by suspending burst. 


ASYNCHRONOUS TRUTH TABLE (See Notes 1 and 2) 


Operation 

G 

I/O Status 

Read 

L 

Data Out (DQ0-DQ8) 

Read 

H 

High-Z 

Write 

X 

High-Z — Data In (DQ0-DQ8) 

Deselected 

X 

High-Z 


NOTES: 

1 . X means Don’t Care. 

2. For a write operation following a read operation, G must be high before the input 
data required setup time and held high through the input data hold time. 


This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING 
CONDITIONS. Exposure to higher than recommended voltages for extended periods of 
time could affect device reliability. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to 7.0 

V 

Output Power Supply Voltage 

V CCQ 

- 0.5 to Vqq 

V 

Voltage Relative to Vqs 

Vjn.Vout 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

+ 20 

mA 

Power Dissipation (T^ = 70°C, Vqq = 5 V, 
tKHKH = 20 ns) 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°c 

Storage Temperature 

T stg 

- 55 to + 1 25 

°c 


MOTOROLA MEMORY DATA 
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MCM62486A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 1 0%, V CC Q = 5.0 V or 3.3 V ± 1 0%, T A = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V ss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 


Output Buffer Supply Voltage 

V CCQ 





(5.0 V TTL Compatible) 


4.5 

5.0 

5.5 


(3.3 V 50 Q Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V|H 

2.2 

3.0 

VQC + 0-3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.0 

0.8 

V 


* V||_ (min) » - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

pA 

Output Leakage Current (G, ST = Vm, SO = V||_, V out = 0 to Vqqq) 

'lkg(O) 

- 

±1.0 

pA 

AC Supply Current (G, ST, = V|h, SO = V||_, 

All Inputs = V|[_ = 0.0 V and V|h > 3.0 V, l out = 0 mA, 

Cycle Time > t|<HKH min ) 

•CCA 


180 

mA 

Standby Current (ST = V||_|, SO = V||_, All Inputs = V|(_ and V|n_ Cycle Time > t[<HKH min ) 

'SBI 

- 

40 

mA 

CMOS Standby Current (ST > V cc - 0.2 V, SO < 0.2 V, All Inputs > V cc - 0.2 V or < 0.2 V, 

Cycle Time > t|<HKH min ) 

*SB2 

— 

30 

mA 

Output Low Voltage (Iql = + 8 -0 rnA) 

v OL 

- 

0.4 

V 

Output High Voltage (Iqh = ~ 4 -0 mA) 

v OH 

2.4 

- 

V 


NOTE: Good decoupling of the local power supply should always be used. DC characteristics are guaranteed for all possible i486 bus cycles. 



CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25 Q C, Periodically Sampled Rather Than 1 00% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ8) 

Cin 

2 

3 

PF 

Input/Output Capacitance (DQ0-DQ8) 

c l/0 

7 

8 

PF 


MOTOROLA MEMORY DATA 
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MCM62486A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, V CCQ = 5.0 V or 3.3 V ± 10%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 

READ/WRITE CYCLE TIMING (See Notes 1 , 2, and 3) 



Symbol 

MCM62486A-14 

MCM62486A-19 

MCM62486A-24 



Parameter 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Cycle Time 

*KHKH 

tCYC 

20 

— 

25 

— 

30 

- 

ns 


Clock Access Time 

tKHQV 

tCD 

— 


— 

19 

- 

24 

ns 

4 

Output Enable to Output Valid 

tGLQV 

tOE 

— 

6 

— 

7 

— 

8 

ns 


Clock High to Output Active 

tKHQXI 

l DC1 

7 

— 

7 

- 

7 

— 

ns 


Clock High to Output Change 


*DC2 

4 

— 

4 

— 

4 

— 

ns 


Output Enable to Output Active 

E&SE9 

WSSSM 

0 

— 

0 

- 

0 

— 

ns 


Output Disable to Q High-Z 


■ 

— 

7 

- 

8 

- 

9 

ns 

5 

Clock High to Q High-Z 


tcz 

- 

8 

- 

8 

- 

8 

■gi 


Clock High Pulse Width 



8 

— 

9 

- 

11 

- 

n 


Clock Low Pulse Width 


*CL 

8 

— 

9 

- 

11 

- 

■■■ 


Setup Times: Address 

*AVKH 

*AS 

3 

— 

3 

— 

3 

— 

ns 

6 

Address Status 

tADSVKH 

*ss 









Data In 

tDVKH 

*DS 









Write 

tWVKH 

l WS 









Address Advance 

tADVVKH 










Chip Select 

tSOVKH 

*S1VKH 










Hold Times: Address 

l KHAX 

*AH 

2 

— 

2 

— 

2 

— 

ns 

6 

Address Status 

tKHADSX 

tSH 









Data In 

tKHDX 

*DH 









Write 

*KHWX 

*WH 









Address Advance 

tKHADVX 










Chip Select 

l KHS0X 

tKHSIX 




l 







NOTES: _ _ 

1 . A read cycle is defined by W high or ADSP low for the setup and hold times. A write cycle is defined by W low and ADSP high for the setup and 


hold times. 

2. All read and write cyclejimings are referenced from K or G. 

3. G is a don’t care when W is sampled low. 

4. Maximum access times are guaranteed for all possible i486 external bus cycles. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 1 00% tested. At any 

given voltage and temperature, tKHQZ max is iess than tKHQXI min * or a 9 iven device and from device to device. 

6. Thi s is a sy nchronous device. All addresses must meet the specified setup and hold times for ALL rising edges of clock (K) whenever ADSP 
and ADSC is low and the chip is selected. All other synchronous inputs must meet the specified setup and hold times fo r ALL r isi ng edge s of K 
when the chip is selected .Chip select must be true (SI low and SO high) at each rising edge of clock for the device (when ADSP or ADSC is low) 
to remain enabled. Timings for ST and SO are similar. 
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MOTOROLA MEMORY DATA 


READ CYCLES 


tKHADSX — H 


tADSVKH — H 


ADSP 




» 77 m«xxy \w zz 


tAVKH- 


ADDRESS 


XXXXXXX 


tKHKL+ 





IU w w 


tADSVKH" 


-tKHAX 


XXXXXXXXXZXXS 


tWVKH- 


xxxy w w 


w "w ^ 


■ tKHADSX 


w w w w w w w 


tKHWX 


w W 'W w w w w 


XX 


tSIVKH- 


S1 

(SO = V| H ) 


ADV 


xxxxxxx 


tKHSIX 


; C\ ^XEXESXEXEXXSMXXXXXXmXXXXXXSET 


tADVVKH- 


xxxxxxxx 


xxxy xxxxmx 


■ tKHADVX 


zSX GT 


\ 


tGLQX- 


DATAOUT 


G 


tKHQV 
e— tGLQV 


Jf v 


Q1(A1) 


tGHQZ 


tKHQX2 


/ ( ( ( Q1(«) XX Q2 < A2 > 


tKHQV 


^ m ^ ^7 77 


- (ADV SUSPENDS BURST) 


(BURST WRAPS AROUNI 
TO ITS INITIAL STATE) 


"T 


tKHQZ- 


Q3(A2) 


Q4(A2) ^ Q1(A2) ^ Q2(A2) ^ Q3(A2)J 


N- 


SINGLE READ - 


BURST READ - 


H 


NOTE: Q1 (A2) represents the first output data from the base address A2; Q2(A2) represents the next output data in the burst sequence with A2 as the base address. 




MCM62486A 





MOTOROLA MEMORY DATA 




WRITE CYCLES 



MCM62486A 









M CM 62486 A 


COMBINATION READ/WRITE CYCLE 




APPLICATION EXAMPLE 



128K BYTE BURSTABLE, SECONDARY CACHE USING 
4 MCM62486FN24S WITH A 33 MHz i486 


MOTOROLA MEMORY DATA 
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MCM62486A 


Derating Curves 


ICCA vs Cycle Time 


ICCA vs Vqc 



30 35 40 45 50 55 60 

CYCLE TIME (ns) 


CC 

(Norm) o,80 



KHQV vs Temperature 


KHQV vs V cc 


TEMPERATURE (°C) 

Vcc(V) 

Change in Output Rise/Fall Times vs 

Output Capacitance 

KHQV vs Output Capacitance 


20 40 60 80 100 120 140 160 180 200 

OUTPUT CAPACITANCE (pF, lumped) 

Derating curves are based on component typical values. 


40 60 80 100 120 140 160 180 200 

OUTPUT CAPACITANCE (pF, lumped) 


MOTOROLA MEMORY DATA 
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MCM62486A 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62486A 


Motorola Memory Prefix 


X 


T 


Speed (14 = 14 ns, 19 = 19 ns, 24 = 24 ns) 


Part Number 


Package (FN = PLCC) 


Full Part Number - MCM62486AFN1 4 MCM62486AFN1 9 MCM62486FN24 



MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62940 


32K x 9 Bit BurstRAM™ 

Synchronous Static RAM 

With Burst Counter and Self-Timed Write 


The MCM62940 is a 294,912 bit synchronous static random access 
memory designed to provide a burstable, high-performance, secondary 
cache for the MC68040 microprocessor. It is organized as 32,768 words of 9 
bits, fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. The device integrates input registers, a 2-bit counter, high speed 
SRAM, and high drive capability outputs onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM applications. 
Synchronous design allows precise cycle control with the use of an external 
clock (K). CMOS circuitry reduces the overall power consumption of the 
integrated functions for greater reliability. 

Addresses (A0-A1 4) 1 data inputs (D0-D8), and all control signals, 
except output enable (G), are clock (K) controlled through 
positive-edge-triggered noninverting registers. 

Bursts can be initiated with either transfer start processor (TSP) or 
transfer start cache controller (TSC) input pins. Subsequent burst 
addresses are generated internally by the MCM62940 (burst sequence 
imitates t hat of the MC68040) and controlled by the burst address 
advance (BAA) input pin. The following pages provide more detailed 
information on burst controls. 

Write cycles are internally self-timed and are initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

The MCM62940 is packaged in a 44-pin plastic leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0-DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 1 0% Power Supplies for Output Level Compatibility 

• Fast Access Times: 1 4/1 9/24 ns Max and Cycle Times: 20/25/30 ns Min 

• Internal Input Registers (Address, Data, Control) 

• Internally S elf- Timed Write Cycle 

• TSP, TSC, and BAA Burst Control Pins 

• Asynchronous Output Enable Controlled Three-State Outputs 

• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per I/O 

• High Board Density PLCC Package 

• Fully TTL-Compatible 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


< sl!l£l£ 


PIN ASSIGNMENT 

8 * - 


A „ r 6 5 4 3 2 

A2[ 7 

A3 [ 8 

A4[ 9 

A5 [ 10 

AS t 11 

Vss I 12 

DQ0 I 13 
DQ1 l 14 
Vs$qI is 
Vccq E 16 

DQ2 [ 17 is 19 20 21 


44 43 42 41 40 


39] All 
38] A12 
37] A13 
36] A14 
35] V SS 
34] DQ7 
33] DQ6 
32] V SSQ 
3i ] Vccq 
30] DQ5 

22 23 24 25 26 27 28 29 ^ DQ4 


8 8 8 ,5: 8 8 IS 


PIN NAMES 

AO— Al 4 .. 

Address Inputs 

K 

Clock 

W 

Write Enable 

G 

Output Enable 

SO, SI ... 

Chip Selects 

BAA 

— Burst Address Advance 

TSP, TSC 

Transfer Start 

DQ0-DQ8 

Data Input/Output 

v cc 

+ 5 V Power Supply 

V CCQ 

. Output Buffer Power Supply 

vss 

Ground 

V SSQ ■ ■ • ■ 

Output Buffer Ground 


All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at al1 times including power up. 


BurstRAM is a trademark of Motorola, Inc. 
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MCM62940 


BLOCK DIAGRAM (See Note) 


BURST LOGIC 



NOTE: All re gisters are positive-edge triggered. The TSC or TSP signals control the duratio^of th e burs t and the start of the next burst.When 
TSP is sample d low , any ongoing burst i s inte rrupted and a read (independent of W and TSC) is performed using the new external 
address. When TSC is sampled low (and TSP is sampled high), any ongoing burst is interrupted and a read or write (dependent on W) 
is performed using the n ext external address. Chip selects (SO, SI ) are s ampled only when a new base address is loaded. After the first 
cycle of the bur st, BA A controls subsequent burst cycles. When BAA is sampled low, the internal address is advanced prior to the 
operation. When BAA is sampled high, the internal address is not advanced, thus inserting a wait state into the burst sequence accesses. 
Upon completion of a burst, the address will wrap around to its initial state. See BURST SEQUENCE GRAPH. 



BURST SEQUENCE GRAPH (See Note) 


AT, AO' = 


^ — ►O.O — ^ 

1,1 * 

A 0,1 


NOTE: The external two values for A1 and AO 
provide the starting point for the burst 
sequence graph. The burst logic advances 
A1 and AO as shown above. 
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MCM62940 


SYNCHRONOUS TRUTH TABLE (See Notes 1 , 2, 3, and 4) 


s 

TSP 

TSC 

BAA 

W 

K 

Address 

Operation 

F 

L 

X 

X 

X 

L-H 

N/A 

Deselected 

F 

X 

L 

X 

X 

L-H 

N/A 

Deselected 

T 

L 

X 

X 

X 

L-H 

External Address 

Read Cycle, Begin Burst 

T 

H 

L 

X 

L 

L-H 

External Address 

Write Cycle, Begin Burst 

T 

H 

L 

X 

H 

L-H 

External Address 

Read Cycle, Begin Burst 

X 

H 

H 

L 

L 

L-H 

Next Address 

Write Cycle, Continue Burst 

X 

H 

H 

L 

H 

L-H 

Next Address 

Read Cycle, Continue Burst 

X 

H 

H 

H 

L 

L-H 

Current Address 

Write Cycle, Suspend Burst 

X 

H 

H 

H 

H 

L-H 

Current Address 

Read Cycle, Suspend Burst 


NOTES: 

1 . X means Don’t Care. 

2. All inputs except G must meet setup and hold times for the low-to-high transition of clock (K). 

3. S represents SO and SI . T implies SO = H and SI = L; F implies SO = L or SI = H. 

4. Wait states are inserted by suspending burst. 


ASYNCHRONOUS TRUTH TABLE (See Notes 1 and 2) 


Operation 

G 

I/O Status 

Read 

L 

Data Out (DQ0-DQ8) 

Read 

H 

High-Z 

Write 

X 

High-Z — Data In (DQ0-DQ8) 

Deselected 

X 

High-Z 


NOTES: 

1 . X means Don’t Care. 

2. For a write operation following a read operation, G must be high before the input data required 
setup time and held high throughout the input data hold time. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higherthan maximum rated voltages 
to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V ss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to 7.0 

V 

Output Power Supply Voltage 

V CCQ 

- 0.5 to Vqq 

V 

Voltage Relative to Vgs 

v in- v out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

taut 

±20 

mA 

Power Dissipation 0 a = 70°C, V CC = 5 v > 
tKHKH = 20 ns) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 
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M CM 62940 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V S s = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ 




V 

(5.0 V TTL Compatible) 


4.5 

5.0 

5.5 


(3.3 V 50 ft Compatible 


3.0 

3.3 

3.6 


Input High Voltage 

V IH 

2.2 

3.0 

Vqq + 0.3 

V 

Input Low Voltage 

V| L 

-0.5* 

0.0 

0.8 

V 


* V||_ ( m ' n ) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(i) 

- 

±1.0 

H a 

Output Leakage Current (G, ST = Vjh, SO = V||_, V ou t = 0 to Vqqq) 

'lkg(O) 

- 

±1.0 

H A 

AC Supply Current (G, ST = Vj H , SO = V fL , MCM62940-1 4: t K HKH = 20 ns 

'CCA 

— 

180 

mA 

All Inputs = V|[_ = 0.0 V and Vjh > 3.0 V, l 0 ut = 0 mA, MCM62940-1 9: tKHKH = 28 ns 


— 

175 


Cycle Time > tKHKH m ' n ) MCM62940-24: tKHKH = 30 ns 


— 

170 


Standby Current (ST = Vjh, SO = V||_, All Inputs = V||_ and V|h, Cycle Time > tKHKH min ) 

*SB1 

— 

40 

mA 

CMOS Standby Current (ST > Vqq - 0.2 V, SO < 0.2 V, All Inputs > Vqq - 0.2 V or < 0.2 V, 

>SB2 

— 

30 

mA 

Cycle Time > tKHKH min ) 





Output Low Voltage (Iql = + 8 -° mA ) 

V 0 L 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4 -0 mA ) 

v OH 

2.4 

— 

V 


NOTE: Good decoupling of the local power supply should always be used. DC characteristics are guaranteed for all possible MC68040 bus 
cycles. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ8) 

c in 

2 

3 

PF 

Input/Output Capacitance (DQ0-DQ8) 

c l/0 

7 

8 

PF 
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MCM62940 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C C = 5.0 V ± 1 0%, V CC Q = 5.0 V or 3.3 V ± 1 0%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1 , 2, and 3) 


Parameter 

Symbol 

MCM62940-14 

MCM62940-19 

MCM62940-24 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Cycle Time 

tKHKH 

tCYC 

20 

- 

25 

— 

30 

- 

ns 


Clock Access Time 

l KHQV 

tCD 

- 

14 

— 

19 

- 

24 

ns 

4 

Output Enable to Output Valid 

*GLQV 

tOE 

— 

6 

— 

7 

— 

8 

ns 


Clock High to Output Active 

tKHQXI 

tDCI 

8 

- 

8 

— 

8 

- 

ns 


Clock High to Output Change 

tKHQX2 

tDC2 

5 

- 

5 

— 

5 

- 

ns 


Output Enable to Output Active 

tGLQX 

tOLZ 

0 

- 

0 

- 

0 

- 

ns 


Output Disable to Q High-Z 

tGHQZ 

tOHZ 

- 

7 

- 

8 

- 

9 

ns 

5 

Clock High to Q High-Z 

tKHQZ 

tcz 

- 

8 

- 

8 

- 

8 

ns 

5 

Clock High Pulse Width 

tKHKL 

tCH 

8 

- 

9 

- 

11 

- 

ns 


Clock Low Pulse Width 

tKLKH 

tCL 

8 

- 

9 

— 

11 

- 

ns 


Setup Times: Address 

Address Status 
Data In 
Write 

Address Advance 
Chip Select 

tAVKH 

tTSVKH 

l DVKH 

tWVKH 

tBAVKH 

tSOVKH 

tSIVKH 

tAS 

tss 

tDS 

tws 

3 


3 


3 


ns 

6 

Hold Times: Address 

Address Status 
Data In 
Write 

Address Advance 
Chip Select 

tKHAX 

tKHTSX 

tKHDX 

tKHWX 

tKHBAX 

tKHSOX 

tKHSIX 

tAH 

tSH 

tDH 

tWH 

2 


2 


2 


ns 

6 


N0TES: 

1 . A read cycle is defined by W high or TSP low for the setup and hold times. A write cycle is defined by W low and TSP high for the setup and 
hold times. 

2. All read and write cycle_timings are referenced from K or G. 

3. G is a don’t care when W is sampled low. 

4. Maximum access times are guaranteed for all possible MC68040 external bus cycles. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 1 00% tested. At any 

given voltage and temperature, tKHQZ max is less than tKHQXI min * or a given device and from device to device. 

6. T his is a synchronous device. All addresses must meet the specified setup and hold times for ALL rising edges of clock (K) whenever TSP 
or TSC are low and the chip is selected. All other synchronous inputs must meet the specified setup and hold times for A LL ris in g edg es of K 
when the chip is selected.Chip select must be true (SI low and SO high) at each rising edge of clock for the device (when TSP or TSC is low) 
to remain enabled. Timings for SI and SO are similar. 


AC TEST LOADS 
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MCM62940 


READ CYCLE 



NOTE : Q1 (A2) represents the first output from the external address A2 ; Q2( A2) represents the next output data in the burst sequence 
with A2 as the base address. 
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MCM62940 


WRITE CYCLE 



<XX p, < Ai >XX D) < A2 > Xm p 1 ^) aX pg(A2) XX XX ) - 


SINGLE 

WRITE 


BURST WRITE 


NOTE: G = V| H 
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MCM62940 


APPLICATION EXAMPLE 



128K Byte Burstable, Secondary Cache 
Using Four MCM62940FN24S with a 33 MHz MC68040 


7 


ORDERING INFORMATION 
(Order by Full Part Number) 



Full Part Number- MCM62940FN14 MCM62940FN19 MCM62940FN24 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Product Preview 

32K x 9 Bit BurstRAM™ 

Synchronous Static RAM 

With Burst Counter and Self-Timed Write 

The MCM62940A is a 294,912 bit synchronous static random access 
memory designed to provide a burstable, high-performance, secondary 
cache for the MC68040 microprocessor. It is organized as 32,768 words of 9 
bits, fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. The device integrates input registers, a 2-bit counter, high speed 
SRAM, and high drive capability outputs onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM applications. 
Synchronous design allows precise cycle control with the use of an external 
clock (K). CMOS circuitry reduces the overall power consumption of the 
integrated functions for greater reliability. 

Addresses (A0-A1 4) 1 data inputs (D0-D8), and all control signals, 
except output enable (G), are clock (K) controlled through 
positive-edge-triggered noninverting registers. 

Bursts can be initiated with either transfer start processor (TSP) or 
transfer start cache controller (TSC) input pins. Subsequent burst 
addresses are generated internally by the MCM62940A (burst sequence 
imitates t hat of the MC68040) and controlled by the burst address 
advance (BAA) input pin. The following pages provide more detailed 
information on burst controls. 

Write cycles are internally self-timed and are initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

The MCM62940A is packaged in a 44-pin plastic-leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0-DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 1 0% Power Supplies for Output Level Compatibility 

• Fast Access Times: 1 4/1 9/24 ns Max and Cycle Times: 20/25/30 ns Min 

• Internal Input Registers (Address, Data, Control) 

• Internally S elf-T imed Write Cycle 

• TSP, TSC, and BAA Burst Control Pins 

• Asynchronous Output Enable Controlled Three-State Outputs 

• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per I/O 

• High Board Density PLCC Package 

• Fully TTL-Compatible 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 


MCM62940A 



FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


5 slll£l£ 

n r-i r-i n, n jsa o.o. 


A2[ 

7 6 5 4 3 

2 1 44 43 42 41 40 gg j 

A3 [ 

8 

38 1 

A4[ 

9 

37] 

A5[ 

10 

36] 

A6[ 

11 

35] 

v ss C 

12 

34] 

DQO [ 

13 

33] 

DQ1 [ 

14 

32] 

v ssqE 

15 

31] 

v CCQt 

16 

30] 

DQ2 [ 

17 18 19 20 21 

22 23 24 25 26 27 28 29 ^ 


8 8 8 ls 8 8 l» S 

Q CO > > > O 


All 

A12 

A13 

A14 

V SS 

DQ7 

DQ6 

V SSQ 

V CCQ 

DQ5 

DQ4 


PIN NAMES 


A0-A14 Address Inputs 

Clock 

W Write Enable 

G . ^ Output Enable 

SO, S I Chip Selects 

BAA Burst Address Advance 

TSP, TSC Transfer Start 

DQ0-DQ8 Data Input/Output 

Vqc +5V Power Supply 

Vqqq Output Buffer Power Supply 

Vss Ground 

Vssq Output Buffer Ground 


All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at al1 ti maa including power up. 


BurstRAM is a trademark of Motorola, Inc. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM62940A 


BLOCK DIAGRAM (See Note) 


BURST LOGIC 



NOTE; All re gisters are positive-edge triggered. The TSC or TSP signals control the duratioj^of th e burs t and the start of the next burst. When 
TSP is sample d low , any ongoing burst i s inte rrupted and a read (independent of W and TSC) is performed using the new external 
address. When TSC is sampled low (and TSP is sampled high), any ongoing burst is interrupted and a read or write (dependent on W) 
is performed using the n ext external address. Chip selects (SO, SI ) are s ampled only when a new base address is loaded. After the first 
cycle of the bur st, BA A controls subsequent burst cycles. When BAA is sampled low, the internal address is advanced prior to the 
operation. When BAA is sampled high, the internal address is not advanced, thus inserting a wait state into the burst sequence accesses. 
Upon completion of a burst, the address will wrap around to its initial state. See BURST SEQUENCE GRAPH. 



BURST SEQUENCE GRAPH (See Note) 


V t 


NOTE; The external two values for A1 and AO 
provide the starting point for the burst 
sequence graph. The burst logic advances 
A1 and AO as shown above. 
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MCM62940A 


SYNCHRONOUS TRUTH TABLE (See Notes 1,2,3, and 4) 


s 

TSP 

TSC 

BAA 

W 

K 

Address 

Operation 

F 

L 

X 

X 

X 

L-H 

N/A 

Deselected 

F 

X 

L 

X 

X 

L-H 

N/A 

Deselected 

T 

L 

X 

X 

X 

L-H 

External Address 

Read Cycle, Begin Burst 

T 

H 

L 

X 

L 

L-H 

External Address 

Write Cycle, Begin Burst 

T 

H 

L 

X 

H 

L-H 

External Address 

Read Cycle, Begin Burst 

n 

H 

H 

L 

L 

L-H 

Next Address 

Write Cycle, Continue Burst 

X 

H 

H 

L 

H 

L-H 

Next Address 

Read Cycle, Continue Burst 

X 

H 

H 

H 

L 

L-H 

Current Address 

Write Cycle, Suspend Burst 

X 

H 

H 

H 

H 

L-H 

Current Address 

Read Cycle, Suspend Burst 


NOTES: 

1 . X means Don’t Care. 

2. All inputs except G must meet setup and hold times for the low-to-high transition of clock (K). 

3. S represents SO and SI . T implies SO = H and SI = L; F implies SO = L or SI = H. 

4. Wait states are inserted by suspending burst. 


ASYNCHRONOUS TRUTH TABLE (See Notes 1 and 2) 


Operation 

G 

I/O Status 

Read 

L 

Data Out (DQ0-DQ8) 

Read 

H 

High-Z 

Write 

X 

High-Z — Data In (DQ0-DQ8) 

Deselected 

X 

High-Z 


NOTES: 

1 . X means Don’t Care. 

2 . For a write operation following a read operation, G must be high before the input data required 
setup time and held high throughout the input data hold time. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = 0V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Output Power Supply Voltage 

V CCQ 

- 0.5 to Vqq 

V 

Voltage Relative to V$s 

v in> v out 

-0.5 to Vq 0 + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation 0 a - 70 ° c > V CC = 5 V, 
tKHKH - 20 ns) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°c 

Storage Temperature 

T s'9 

- 55 to + 125 

°c 
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MCM62940A 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, T^ = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V S s = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ 




V 

(5.0 V TTL Compatible) 


4.5 

5.0 

5.5 


(3.3 V 50 ft Compatible 


3.0 

3.3 

3.6 


Input High Voltage 

V| H 

2.2 

3.0 

vcc + 03 

V 

Input Low Voltage 

V|L 

-0.5* 

0.0 

0.8 

V 


* V|i_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, V, n = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

pA 

Output Leakage Current (G, ST = Vjh, SO = Vj|_, V 0U { = 0 to Vqqq) 

'lkg(O) 

- 

±1.0 

HA 

AC Supply Current (G, SI = V|h, SO = V|i_, MCM62940A-14: tKHKH = 20 ns 

'CCA 

— 



All Inputs = V| L = 0 V and V iH > 3.0 V, l out = 0 mA, MCM62940A-1 9: t K HKH = 25 ns 


— 



Cycle Time > tKHKH min ) MCM62940A-24: tKHKH = 30 ns 


— 



Standby Current (ST = V|h, SO = Vj|_, All Inputs = V||_ and V|h, Cycle Time > tKHKH min ) 

! SB1 

— 

40 


CMOS Standby Current (ST > Vqq - 0.2 V, SO < 0.2 V, All Inputs > Vqq - 0.2 V or < 0.2 V, 

! SB2 

— 

30 


Cycle Time > tKHKH min ) 





Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

0.4 

V 

Output High Voltage (Iqh = - 4 -0 mA ) 

Vqh 

2.4 

- 

V 


NOTE: Good decoupling of the local power supply should always be used. DC characteristics are guaranteed for all possible MC68040 bus cycles. 



CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 


Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ8) 

c in 

2 

3 

pF 

Input/Output Capacitance (DQ0-DQ8) 

C|/0 

7 

8 

pF 
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MCM62940A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1 , 2, and 3) 



Symbol 

MCM62940A-14 

MCM62940A-1 9 

MCM62940A-24 



Parameter 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Cycle Time 

*KHKH 

tCYC 

20 

— 

25 

— 

30 

- 

ns 


Clock Access Time 

*KHQV 

tCD 

— 

14 

- 

19 

- 

24 

ns 

4 

Output Enable to Output Valid 

kaLQV 

tOE 

- 

6 

- 

7 

- 

8 

ns 


Clock High to Output Active 

*KHQX1 

tDCI 

7 

- 

7 

- 

7 

- 

ns 


Clock High to Output Change 

t KHQX2 

tDC2 

5 

- 

5 

- 

5 

— 

ns 


Output Enable to Output Active 

tGLQX 

tOLZ 

0 

- 

0 

- 

0 

- 

ns 


Output Disable to Q High-Z 

*GHQZ 

tOHZ 

- 

7 

- 

8 

- 

9 

ns 

5 

Clock High to Q High-Z 

tKHQZ 

tcz 

- 

8 

- 

8 

- 

8 

ns 

5 

Clock High Pulse Width 

tKHKL 

tCH 

8 

- 

9 

- 

11 

— 

ns 


Clock Low Pulse Width 

tKLKH 

tCL 

8 

— 

9 

- 

11 

- 

ns 


Setup Times: Address 

tAVKH 

tAS 

3 

— 

3 

— 

3 

— 

ns 

6 

Address Status 

tTSVKH 

tss 









Data In 

tDVKH 

tDS 









Write 

tWVKH 

tws 









Address Advance 

tBAVKH 



1 







Chip Select 

tSOVKH 

tSIVKH 










Hold Times: Address 

tKHAX 

tAH 

2 

— 

2 

— 

2 

— 

ns 

6 

Address Status 

tKHTSX 

tSH 









Data In 

tKHDX 

tDH 









Write 

tKHWX 

tWH 









Address Advance 

tKHBAX 










Chip Select 

tKHSOX 

tKHSIX 





i 






N0TES: 

1 . A read cycle is defined by W high or TSP low for the setup and hold times. A write cycle is defined by W low and TSP high for the setup and 


hold times. 

2. All read and write cyclejimings are referenced from K or G. 

3. G is a don’t care when W is sampled low. 

4. Maximum access times are guaranteed for all possible MC68040 external bus cycles. 

5. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 1 00% tested. At any 
given voltage and temperature, tKHQZ max is less than *KHQX1 min f° r a 9 iven device and from device to device. 

6. T his is a synchronous device. All addresses must meet the specified setup and hold times for ALL rising edges of clock (K) whenever TSP 
or TSC are low and the chip is selected. All other synchronous inputs must meet the specified setup and hold times for A LL ris in g edg es of K 
when the chip is selected.Chip select must be true (SI low and SO high) at each rising edge of clock for the device (when TSP or TSC is low) 
to remain enabled. Timings for SI and SO are similar. 


AC TEST LOADS 
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MCM62940A 


READ CYCLE 



NOTE : Q1 (A2) represents the first output from the external address A2 ; Q2( A2) represents the next output data in the burst sequence 
with A2 as the base address. 
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MCM62940A 



B H Wm — + burstwrite H 

NOTE: G = V| H 


APPLICATION EXAMPLE 



1 28K Byte Burstable, Secondary Cache 
Using Four MCM62940AFN24S with a 33 MHz MC68040 


MOTOROLA MEMORY DATA 
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MCM62940A 


MCM 

Motorola Memory Prefix 

Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 
62940A x xx 

T~ T T 


Speed (14 « 14 ns, 19 = 19 ns, 24 = 24 ns) 
Package (FN = PLCC) 


Full Part Number- MCM62940AFN14 MCM62940AFN19 MCM62940AFN24 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62950 


32K x 9 Bit Synchronous 
Static RAM 


The MCM62950 is a 294,9.1 2 bit synchronous static random access 
memory organized as 32,768 words of 9 bits, fabricated using 
Motorola’s high-performance silicon-gate CMOS technology. The 
device integrates input registers, high-speed SRAM, and high drive 
capability outputs onto a single monolithic circuit for reduced parts 
count implementation of cache data RAM applications. Synchronous 
design allows precise cycle control with the use of an external clock 
(K). Asynchronous controls consist of asynchronous write enable 
(AW) and output enable (G). CMOS circuitry reduces the overall 
power consumption of the integrated functions for gi eater reliability. 

Addresses (A0-A14) and control signals, except output enable (G) 
and asynchronous write enable (AW), are sampled through 
positive-edge-triggered noninverting registers. Data outputs are 
asynchronously controlled by G. 

Write cycles are differentiated from read cycles by the state of the 
synchronous write enable pin^SW) at the rising edge of K. Write 
cycles are completed only if AW is asserted within the specified setup 
time to the following rising edge of K. Write cycles may be aborted by 
negating the AW signal prior to the low-going edge of K. Data for the 
write may be delayed until the latter half of the writ# cycle. 

The MCM62950 is packaged in a 44-pin plastic-leaded chip 
carrier (PLCC). Multiple power and ground pins have been utilized 
to minimize effects induced by output noise. Separate power and 
ground pins have been employed for DQ0-DG8 to allow 
user-controlled output levels of 5 volts or 3,3 volts; 


Single 5 V ± 1 0% Power Supply 

Choice of 5 V or 3.3 V ± 10% Power Supplies for Output Level Compatibility 
Fast Access Times: 20/25 ns Max and Cycle Times: 20/25 ns Min 
Internal Input Registers (Address, Control) 

Late Write Abort Feature 

Output Enable Controlled Three-State Outputs 

Common Data Inputs and Data Outputs 

High Output Drive Capability: 85 pF per I/O 

High Board Density PLCC Package 

Fully TTL-Compatible 

Active High and Low Chip Select Inputs for Easy Depth Expansion 


A2[ 
A3 [ 
A4 [ 
A5 [ 
A 6 [ 

%£ 

DQ0 [ 


DQ1 £ 14 

, v ssq£ 15 
VCCQ t 16 
0Q2 £ 17 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


O o CO o 

< 2 > Z 


O r-~ co ct> 


6 5 4 3 2 


44 43 42 41 40 


18 19 20 21 22 23 24 25 26 27 28 


] All 
] A12 
] A13 
] A14 

5 V SS 
] DQ7 
] DQ 6 

3 V SSQ 
31 3 Vqqq 
30 3 DQ5 
29 3 DQ4 


|ll IS 8 
> > 

CO | CD O 1 OO O 

CO CO I GO a co 

> Q _co 

PIN NAMES 

A0-A14 .. 

Address Inputs 

K 

Clock 

SW 

Synchronous Write 

AW 

Asynchronous Write 

G 

Output Enable 

SO, SI ... 

Chip Selects 

DQ 0 -DQ 8 

Data Input/Output 

v cc 

+ 5 V Power Supply 

V CCQ 

. Output Buffer Power Supply 

v ss 

Ground 

V SSQ • • • • 

Output Buffer Ground 



All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at al1 times including power up. 
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MCM62950 


BLOCK DIAGRAM 



SYNCHRONOUS TRUTH TABLE (See Notes 1,2,3, and 4) 


s 



G 

K 

Operation 

I/O Status 

F 

X 

X 

X 

L-H 

Deselected 

High-Z 

T 

L 

X 

X 

L-H 

Write 

High-Z 


(L) 

L 

X 

L 

Write 

Data-In 

(T) 

(L) 

H 

X 

L 

Aborted Write (No Action) 

High-Z 

T 

H 

X 

- 

L-H 

Read Initiated 

- 

(T) 

(H) 

X 

H 

X 

Read 

High-Z 

(T) 

(H) 

X 

L 

X 

Read 

Data Out 


NOTES: 

1 . X means Don] t Care. 

2. SO, SI , and W must meet setup and_hold times for the low-to-high_transition of clock (K). 

3. ^represents SO _and SI . T implies SI = L and SO = H; F implies SI = H or SO = L. 

4. W = (L) implies W = L for the last clock transition from low to high. Similarly for S = (T). 
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MCM62950 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Output Power Supply Voltage 

V CCQ 

-0.5 to Vqq 

V 

Voltage Relative to V§s 

v in> Vout 

-0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T^ = 70°C, Vqq = 5 V, 
*KHKH = 20 ns ) 

PD 

1.0 

W 

Temperature Under Bias 

"•"bias 

- 1 0 to + 85 

°c 

Operating Temperature 

t a 

0 to + 70 

°c 

Storage Temperature 

Isig 

-55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields ; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = Vqqq = 5.0 V ± 10%, T A = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V ss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vec 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ 




V 

(5.0 V TTL Compatible) 

4.5 

5.0 

5.5 


(3.3 V 50 Q Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V|H 

2.2 

3.0 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.0 

0.8 

V 


* V|i_ (min) = - 3.0 Vac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikg(i) 

— 

±1.0 

pA 

Output Leakage Current (G, ST = V|h, SO = V|i_, V out = 0 to Vqqq) 

'lkg(O) 

— 

±1.0 

pA 

AC Supply Current (G, SO = Vjh, ST = Vjl, All Inputs = V||_ = 0.0 V and Vm > 3.0 V, l ou t = 0 
mA, Cycle Time > tKHKH min ) MCM62950-20: tKHKH = 20 ns 

MCM62950-25: t K HKH = 25 ns 

•CCA 

- 

195 

185 

mA 

Standby Current (ST = V|h, SO = V||_, All Inputs = V||_ and V|h) 

•SB1 

- 

40 

mA 

CMOS Standby Current (ST > Vqq - 0.2 V, SO < 0.2 V, All Inputs > Vqq - 0.2 V or < 0.2 V, 

Cycle Time > tKHKH min ) 

•SB2 

— 

30 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

V 0 L 

0.1 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

- 

V 


NOTE: Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ8) 

Cin 

2 

3 

PF 

Input/Output Capacitance (DQ0-DQ8) 

C|/0 

7 

8 

PF 
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MCM62950 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = V CCQ = 5.0 V ± 10%, T A = 0to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1 , 2, and 3) 




MCM62950-20 

MCM62950-25 



Parameter 

Symbol 

Min 

Max 

Min 

Max 

Unit 

Notes 

Clock Control: 






ns 


Cycle Time 

*KHKH 

20 

— 

25 

— 



Clock High Pulse Width 

*KHKL 

8 

— 

11 

— 



Clock Low Pulse Width 

tKLKH 

8 

— 

11 

— 



Read Access Times: 






ns 


Clock Access Time 

t«HQV 

— 

20 

— 

25 



Output Enable to Output Valid 

*GLQV 

— 

8 

— 

9 



Aborted Write Cycles: 






ns 


Clock Low to Asynchronous Write High 

*KLAWH 

— 

0 

— 

0 



Clock High to Asynchronous Write Invalid 

tKHAWX 

2 

— 

2 

— 



Write Cycles: 






ns 


Asynchronous Write Low to Clock High 

tAWLKH 

6 

— 

6 

— 



Clock High to Asynchronous Write Invalid 

*KHAWX 

2 

— 

2 

— 



Data-In Valid to Clock High (Transparent Data) 

tDVKH 

6 

— 

6 

— 



Clock High to Data Invalid (Transparent Data) 

*KHDX 

2 

— 

2 

— 



Output Buffer Control: 






ns 


Clock High to Output Low-Z after Write 

tKHQXI 

7 

— 

7 

— 



Clock High to Output Change 

t|<HQX2 

5 

— 

5 

— 



Output Enable to Output Active 

tGLQX 

0 

— 

0 

— 



Output Disable to Q High-Z 

tGHQZ 

— 

8 

— 

9 


4 

Clock High to Q High-Z 

*KHQZ 

— 

8 

— 

8 


4 

Register Setup Times for: Address 

*AVKH 

3 

— 

3 

— 

ns 

5 

Synchronous Write 

*WVKH 







Chip Select 

tSOVKH 

l S1VKH 


1 





Register Hold Times for: Address 

*KHAX 

2 

— 

2 

— 

ns 

5 

Synchronous Write 

l KHWX 







Chip Select 

tKHSOX 

tKHSIX 








NOTES: 

1 . A read cycle is defined by SW high for the setup and holdjtimes. A write cycle is defined by SW low for the setup and hold times. 

2. All read and write cycle timings are referenced from K or G. 

3. G is a don’t care when SW is sampled low. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 1 00% tested. At any 
given voltage and temperature, tQHQZ max is less than tQ|_Qx min for a given device and from device to device. 

5. This is a synchronous device. All address inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) when the device is selected . All synchronous inputs must meet the specified setup and hold times with stable logic levels 
for ALL rising edges of clock (K) when the device is selected. Timings for SI and SO are similar. 

AC TEST LOADS 
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MCM62950 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62950 

Motorola Memory Prefix 

Part Number 

Full Part Number - MCM62950FN20 MCM62950FN25 



Speed (20 = 20 ns, 25 = 25 ns) 
Package (FN = PLCC) 


MOTOROLA MEMORY DATA 


7-132 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62950A 


Product Preview 

32K x 9 Bit Synchronous 
Static RAM 

The MCM62950A is a 294,912 bit synchronous static random 
access memory organized as 32,768 words of 9 bits, fabricated using 
Motorola’s high-performance silicon-gate CMOS technology. The 
device integrates input registers, high-speed SRAM, and high drive 
capability outputs onto a single monolithic circuit for reduced parts 
count implementation of cache data RAM applications. Synchronous 
design allows precise cycle control with the use of an external clock 
(K). Asynchronous controls consist of asynchronous write enable 
(AW) and output enable (G). CMOS circuitry reduces the overall 
power consumption of the integrated functions for greater reliability^ 

Addresses (A0-A14) and control signals, except output enable (G) 
and asynchronous write enable (AW), are sampled through 
positive-edge-triggered noninverting registers. Data outputs are 
asynchronously controlled by G. 

Write cycles are differentiated from read cycles by the state of the 
synchronous write enable pin (SW) at the rising edge of K. Write 
cycles are completed only if AW is asserted within the specified setup 
time to the following rising edge of K. Write cycles may be aborted by 
negating the AW signal prior to the low going edge of K. Data for the 
write may be delayed until the latter half of the write cycle. 

The MCM62950A is packaged in a 44-pin plastic-leaded chip 
carrier (PLCC). Multiple power and ground pins have been utilized 
to minimize effects induced by output noise. Separate power and 
ground pins have been employed for DQ0-DQ8 to allow 
user-controlled output levels of 5 volts or 3.3 volts. 



FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 

J> W O 8 n a 

£ > Z ^ > < < 



• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 1 0% Power Supplies for Output Level Compatibility 

• Fast Access Times: 15/20/25 ns Max and Cycle Times: 15/20/25 ns Min 

• Internal Input Registers (Address, Control) 

• Late Write Abort Feature 

• Output Enable Controlled Three-State Outputs 

• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per I/O 

• High Board Density PLCC Package 

• Fully TTL Compatible 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 


o I § is o w io 



PIN NAMES 


A0-A14 Address Inputs 

K Clock 

SW Synchronous Write 

AW Asynchronous Write 

G . Output Enable 

SO, SI Chip Selects 

DQ0-DQ8 Data Input/Output 

Vqq + 5 V Power Supply 

Vqqq Output Buffer Power Supply 

V 33 Ground 

Vssq Output Buffer Ground 


All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at 3,1 times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM62950A 


BLOCK DIAGRAM 



SYNCHRONOUS TRUTH TABLE (See Notes 1,2,3, and 4) 


s 

SW 

AW 

G 

K 

Operation 

I/O Status 

F 

X 

X 

X 

L-H 

Deselected 

High-Z 

T 

L 

X 

X 


Write 

High-Z 

(T) 

(L) 

L 

X 

L 

Write 

Data-in 

(T) 

(L) 

H 

X 

L 

Aborted Write (No Action) 

High-Z 

T 

H 

X 

- 

L-H 

Read Initiated 

- 

(T) 

(H) 

X 

H 

X 

Read 

High-Z 

(T) 

(H) 

X 

L 

X 

Read 

Data Out 


NOTES: 

1. X means Don’t Care. 

2. SO, SI , and W_must meet setup andhold times for the low-to-high transition of clock (K). 

3. ^represents SO jnd SI . T implies SI * L and SO = H; F implies SI * H or SO = L. 

4. W = (L) implies W = L for the last clock transition from low to high. Similarly for S = (T). 
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MCM62950A 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Output Power Supply Voltage 

V CCQ 

- 0.5 to Vqq 

V 

Voltage Relative to Vqs 

Vin-Vout 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

’out 

±20 

mA 

Power Dissipation 0a = 70°C, Vqq = 5 V, 
tKHKH = 15 ns) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

Istg 

-55 to + 125 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = Vqqq = 5.0 Vi 10%, T/\ = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V s $ = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ 




V 

(5.0 V TTL Compatible) 


4.5 

5.0 

5.5 


(3.3 V 50 Q. Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V| H 

2.2 

3.0 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.0 

0.8 

V 


* V||_ (min) = - 3.0 Vac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

HA 

Output Leakage Current (G, ST = V|h, SO = V||_, V out = 0 to Vqqq) 

'lkg(O) 

- 

±1.0 

juA 

AC Supply Current (G, SO = V|j_|, SI = V||_, ^KHKH = 15 ns 

All Inputs = V|i_ = 0.0 V and Vm > 3.0 V, l out = 0 mA, 

Cycle Time > t«HKH min ) 

'CCA 


195 

mA 

Standby Current (ST = V||_|, SO = V||_, All Inputs = V|l and Vjh) 

'SBI 

— 

40 

mA 

CMOS Standby Current (ST > Vqq - 0.2 V, SO < 0.2 V, All Inputs > Vqq - 0.2 V or < 0.2 V, 

Cycle Time > tKHKH min ) 

'SB2 

— 

30 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

0.1 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

- 

V 


NOTE: Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ8) 

^in 

2 

3 

PF 

Input/Output Capacitance (DQ0-DQ8) 

c l/0 

7 

8 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = V CCQ = 5.0 V ± 10%, T A = 0to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1, 2, and 3) 




MCM62950A-1 

MCM62950A-2 

MCM62950A-2 





£ 


C 


i 




Parameter 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Clock Control: 








ns 


Cycle Time 

tKHKH 

15 

— 

20 

— 

25 

— 



Clock High Pulse Width 

tKHKL 

6 

— 

8 

— 

11 

— 



Clock Low Pulse Width 

*KLKH 

6 

— 

8 

— 

11 

— 



Read Access Times: 








ns 


Clock Access Time 

*KHQV 

— 

15 

— 

20 

— 

25 



Output Enable to Output Valid 

tGLQV 

— 

6 

— 

8 

— 

9 



Aborted Write Cycles: 




|| 


mm 


ns 


Clock Low to Asynchronous Write High 

tKLAWH 

— 







■ 

Clock High to Asynchronous Write Invalid 

tKHAWX 

2 


MM 


HI 

Mali 



Write Cycles: 




■ 

■ ■ 

mm 

■ ■ 

ns 

■ ■ 

Asynchronous Write Low to Clock High 

*AWLKH 

6 

. 

1 

. 

|9 



■ ■ 

Clock High to Asynchronous Write Invalid 

*KHAWX 

2 

. 

B9 





■ 

Data-In Valid to Clock High (Transparent Data) 

tDVKH 

6 


Kfl 


u 



■ 

Clock High to Data Invalid (Transparent Data) 

*KHDX 

2 

bb 

MM 

n 

wm 1 



HSI 

Output Buffer Control: 



■I 


■ 



ns 

■ ■ 

Clock High to Output Low-Z after Write 

tKHQXI 

8 


8 


8 



■ 

Clock High to Output Change 

t KHQX2 


■ 


■ 

5 

. . 


■ ■ 

Output Enable to Output Active 

tGLQX 




■ 

0 

. 



Output Disable to Q High-Z 

tGHQZ 


■ 


1 Iff 

— 

9 


H 

Clock High to Q High-Z 

tKHQZ 




ES 

— 

8 


m 

Register Setup Times for: Address 


3 


MM 



■ 



Synchronous Write 



■ ■ 


■ 





Chip Select 




1 

1 


1 



Register Hold Times for: Address 

*KHAX 

2 

— 

2 

_ 

2 

_ 

ns 

5 

Synchronous Write 

*KHWX 









Chip Select 

*KHS0X 

tKHSIX 










NOTES: 

1 . A read cycle is defined by SW high for the setup and holdjimes. A write cycle is defined by SW low for the setup and hold times. 

2. All read and write cycle timings are referenced from K or G. 

3. G is a don’t care when SW is sampled low. 

4. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, tgnQZ max is less than *GLQX min for a 9 iven device and from device to device. 

5. This is a synchronous device. All address inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) when the device is selected. All synchronous inputs must meet the specified setup and hold times with stable logic 
levels for ALL rising edges of clock (K) when the device is selected. Timings for SI and SO are similar. 

AC TEST LOADS 
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MCM62950A 


READ CYCLE 



READ-WRITE-READ CYCLE 



MOTOROLA MEMORY DATA 
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M CM 62950 A 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 


Motorola Memory Prefix 


62950A x xx 

TTI 


Speed (15 = 15 ns, 20 = 20 ns, 25 = 25 ns) 


Part Number 


Package (FN = PLCC) 


Full Part Number- MCM62950AFN 15 MCM62950AFN20 MCM62950AFN25 



MOTOROLA MEMORY DATA 


7-139 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62960 


32K x 9 Bit Synchronous 
Static RAM 

The MCM62960 is a 294,912 bit synchronous static random access 
memory designed to provide a high-performance, cache for the SPARC™ 
Family of microprocessors. It is organized as 32,768 words of 9 bits, 
fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. The device integrates input registers, high-speed SRAM, and 
high drive capability outputs onto a single monolithic circuit for reduced 
parts count implementation of cache data RAM applications. 

Synchronous design allows precise cycle control with the use of an 
external clock (K). CMOS circuitry reduces the overall power consumption 
of the integrated functions for greater reliability. 

Output enable (Q) is an asynchronous control input. Addresses 
(A0-A14) and chip select inputs (SO, ST) are sampled through 
positive-edge-triggered, noninverting registers on the rising edge of the 
clock input (K). Write enable (W) and data-in are sampled on the following 
edge of K through negative-edge-triggered, noninverting registers. 

The MCM62960 is packaged in a 44-pin plastic leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0-DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 

• Single 5 V ± 1 0% Power Supply 


A2[ 7 
A3 [ 8 
A4[ 9 


A5[ 

Ml 

v$$t 


DOG l 13 
DQ1 l 14 

vssqI is 

Choice of 5 V or 3.3 V ± 10% Power Supplies for Output Level Compatibility V ° CQ J 16 
Fast Access Times: 17/20/24 ns Max and Cycle Times: 20/26/30 ns Min 002 t 1718 
Internal Input Registers (Address, Control, Data) 

Internally Self-Timed Write Cycle 
Output Enable Controlled Three-State Outputs 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 

? ^ ^ > 8 s « ? 


6 5 4 3 2 


44 43 42 41 40 


39 1 All 
38] A12 
37] A13 

10 36] A14 

11 35] V S S 

12 34] DQ7 

33] DQ6 
32 ] V$$q 
31 ] VqcQ 
30] DQ5 

19 20 21 22 23 24 25 26 27 28 29 ^ DQ4 


§ ^ 8 4? ^ I5S S § 


8 


• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per I/O 

• High Board Density PLCC Package 

• Fully TTL Compatible 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 


PIN NAMES 


A0-A14 Address Inputs 

K_ Clock 

W Write Enable 

G . Output Enable 

SO, SI Chip Selects 

DQO-DQ8 Data Input/Output 

Vcc +5 V Power Supply 

VCCQ • • • • Output Buffer Power Supply 

Vss Ground 

VssQ Output Ground 

NC No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
Vcc ^ V CCQ at a, l times including power up. 
No Connection pins should be left open. 

SPARC is a trademark of Sun Corp. 
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MCM62960 


BLOCK DIAGRAM 


K 


A0-A14 


W 


50 

51 

G 


DQ0-DQ8 




TRUTH TABLE (See Notes 1 , 2, 3, and 4) 


s 

W 

G 

Input/Output 

Operation 

F 

X 

X 

High-Z 

Deselected 

T 

H 

L 

Data Out 

Read Cycle 

T 

H 

H 

High-Z 

Read Cycle 

T 

L 

H 

Write Data In 

WriteCycle 


NOTES: 

1. X means Don’t Care. 

2. All address and chip select inputs must meet setup and hold times for ALL low-to-high transitions of clock 
(K). W input must meet setup and hold times for ALL high-to-low transitions of clock (K). 

3. S represents SO and ST. T implies SI = L and SO = H; F implies SI = H or SO = L. 

4. During a write cycle, (a must be high before the input data required setup time and held high throughout 
the data hold time. 
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MCM62960 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields ; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 


This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 

Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 

Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 

DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = Vqcq = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

mm 


5.5 

V 

Output Buffer Supply Voltage 

V CCQ 

mm 



mm 

(5.0 V TTL Compatible) 


K9 

5.0 



(3.3 V 50 a Compatible) 


m 

3.3 



Input High Voltage 

V|H 


3.0 

V C C + 0.3 

V 

Input Low Voltage 

V|L 

JH 

0.0 

0.8 

V 


* V|L (min) = - 3.0 Vac (pulse width <, 20 ns) 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Output Power Supply Voltage 

VCCQ 

- 0.5 to Vcc 

V 

Voltage Relative to V$s 

v in> v out 

- 0.5 to Vcc + 0.5 

V 

Output Current (per I/O) 

iout 

±20 

mA 

Power Dissipation (Ta = 70°C, Vcc = 5 V, 
tKHKH = 20 ns) 

PD 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

'ikg(i) 

- 

±1.0 

pA 

Output Leakage Current (G, ST = Vm, SO = Vjl, V 0 ut = 0 to Vccq) 

'ikg(O) 

- 

±1.0 


AC Supply Current (G, SO = V|H, ST = V|j_, MCM62960-1 7: tKHKH = 20 ns 

All Inputs = V||_ = 0.0 V and V|H > 3.0 V, l out = 0 mA, MCM62960-20: tKHKH = 25 ns 

Cycle Time > tKHKH min ) 

•CCA 

■ 

180 

175 

H 

Standby Current (ST = V|h, SO = V|[_, All Inputs = V|[_ and Vjh, Cycle Time > tKHKH min ) 

>SB1 

- 

wm 

mA 

CMOS Standby Current (ST > Vcc - 0.2 V, SO 1 0.2 V, All Inputs > Vcc ~ 0 2 V or < 0.2 V, 

Cycle Time > tKHKH m i n ) 

'SB2 

■ 


mA 

Output Low Voltage (Iol = + 8 0 mA) 

VOL 

- 

S 

V 

Output High Voltage (Iqh = ” 4 0 mA) 

v OH 

2.4 


V 


NOTE: Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 


Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ8) 

Cjn 

2 

3 

PF 

Input/Output Capacitance (DQ0-DQ8) 

C|/Q 

7 

8 

pF 
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MCM62960 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = VqcQ = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V 

Input Rise/Fall Time 3 ns 


Output Timing Reference Level 1 .5 V 

Output Load See Figure 1A Unless Otherwise Noted 


READ/WRITE CYCLE TIMING (See Notes 1,2, and 3) 


Parameter 

Symbol 

MCM62960-17 

MCM62960-20 

M CM 62960-24 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Clock Control: 



■ 


■ 





Cycle Time 

tKHKH 

20 


25 

B 

30 

. | 


B 

Clock High Pulse Width 

tKHKL 

8 


10 

B 

12 



.... - ■ 

Clock Low Pulse Width 

l KLKH 

8 


10 


12 



■ 

Read Cycles: 







■ 



Clock Access Time 

tKHQV 


17 


20 

— 




Output Enable to Output Valid 

tGLQV 

BUM 

7 


8 

— 




Output Buffer Control: 










Clock High to Output Low-Z 

tKHQXI 

8 

— 

8 

— 

8 




Clock High to Output Change 

t KHQX2 

5 

— 

5 

— 

5 




Clock High to Q High-Z 

tKHQZ 

— 

8 

— 

8 

— 

8 



Output Enable to Output Active 

tGLQX 

0 

— 

0 

— 

0 

— 



Output Disable to Q High-Z 

tGHQZ 

— 

7 

— 

8 

— 

9 


3 

Register/Latch Setup Times: Address 

tAVKH 

2 

B 

MM 

B 

2 

B9B 

ns 

B 

Data 

tDVKL 

3 

B 

mm 

WM 

3 

B 


B 

Write Enable 

tWVKL 

2 

B 

EH 


2 




Chip Select 

tSOVKH 

2 


u 


2 





tSIVKH 

2 


KH 

B 

2 



| | 

Register/Latch Hold Times: Address 


3 


wm 


3 


ns 

■ 

Data 


2 

B 

HE 


2 



jj.1 

Write Enable 


3 

B 

EH 


3 

B 



Chip Select 


3 

^^B 

Eh 


3 

B 




tKHSIX 

3 


EH 


3 

B9I 


■ 


N° TES: 

1 . A read cycle is defined by W high for the setup and hold times. A write cycle is defined by W low for the setup and hold times. 

2. All read and write cycle timings are referenced from K or G. 


3. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, tKHQZ max ' s ,ess than t^HQXI m i n tor a given device and from device to device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising (or 
falling in the case of W and Data In) edges of clock (K) when the device is selected. To select or deselect the device, both chip selects must be 
valid at the rising edge of K. Timings for ST and SO are similar. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM62960 


READ- WRITE CYCLE 



ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62960 

Motorola Memory Prefix 

Part Number 

Full Part Number - MCM62960FN17 


X XX 

Speed (17 = 17 ns, 20 = 20 ns, 24 = 24 ns) 

Package (FN = PLCC) 

MCM62960FN20 MCM62960FN24 



MOTOROLA MEMORY DATA 




■VICM62960 


Derating Curves 


ICC A vs Cycle Time 



15 20 25 30 35 40 45 50 55 60 

CYCLE TIME (ns) 


ICCA vs V CC 




KHQV vs Temperature 


KHQV vs V CC 







TEMPERATURE (°C) 

V C C(V) 

Change in Output Rise/Fall Times vs 

Output Capacitance 

KHQV vs Output Capacitance 






20 40 60 80 100 120 140 160 180 200 

OUTPUT CAPACITANCE (pF, lumped) 

Derating curves are based on component typical values. 


20 40 60 80 100 120 140 160 180 200 

OUTPUT CAPACITANCE (pF, lumped) 


MOTOROLA MEMORY DATA 






MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62960A 


Product Preview 

32K x 9 Bit Synchronous 
Static RAM 

The MCM62960A is a 294,912 bit synchronous static random access 
memory designed to provide a high-performance, cache for the SPARC™ 
Family of microprocessors. It is organized as 32,768 words of 9 bits, 
fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. The device integrates input registers, high-speed SRAM, and 
high drive capability outputs onto a single monolithic circuit for reduced 
parts count implementation of cache data RAM applications. 

Synchronous design allows precise cycle control with the use of an 
external clock (K). CMOS circuitry reduces the overall power consumption 
of the integrated factions for greater reliability. 

Output enable (G) is an asynchronous control input. Addresses 
(A0-A14) and chip select inputs (SO, SI) are sampled through 
positive-edge-triggered, noninverting registers on the rising edge of the 
clock input (K). Write enable (W) and data-in are sampled on the following 
edge of K through negative-edge-triggered, noninverting registers. 

The MCM62960A is packaged in a 44-pin plastic-leaded chip carrier 
(PLCC). Multiple power and ground pins have been utilized to 
minimize effects induced by output noise. Separate power and ground 
pins have been employed for DQ0-DQ8 to allow user-controlled 
output levels of 5 volts or 3.3 volts. 


• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 1 0% Power Supplies for Output Level Compatibility 

• Fast Access Times: 1 5/1 7/24 ns Max and Cycle Times: 20/25/30 ns Min 

• Internal Input Registers (Address, Control, Data) 

• Internally Self -Timed Write Cycle 

• Output Enable Controlled Three-State Outputs 

• Common Data Inputs and Data Outputs 

• High Output Drive Capability: 85 pF per I/O 

• High Board Density PLCC Package 

• Fully TTL-Compatible 

• Active High and Low Chip Select Inputs for Easy Depth Expansion 



FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


oOOCj r- CO a> -r^ 

< 2 Z Z ^ > C «C <C C 


A5 fl 


DQ2 D 


/ 

6 5 

4 

3 

2 1 

44 43 

42 41 40 

7 



• 


39 

8 





38 

9 





37 

10 





36 

11 





35 

12 





34 

13 





33 

14 





32 

15 





31 

16 





30 

18 19 

20 

21 

22 23 

24 25 

26 27 28 29 


] All 
] A12 
3 A13 
] A14 

3 V SS 

] DQ7 
] DQ6 
3 V SSQ 
1 V CCQ 
] DQ5 
] DQ4 


a o IS: o 
$ 2 « 
> 

> Q 

PIN NAMES 

A0-A1 4 .. 

Address Inputs 

K 

Clock 

W 

Write Enable 

G 

Output Enable 

SO, SI ... 

Chip Selects 

DQ0-DQ8 

Data Input/Output 

VCC 

+ 5 V Power Supply 

V CCQ • • • • 

. Output Buffer Power Supply 

v ss 

Ground 

V SSQ •••• 

Output Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at 3,1 times including power up. 
No Connection pins should be left open. 


SPARC is a trademark of Sun Corp. 

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62960A 


BLOCK DIAGRAM 



TRUTH TABLE (See Notes 1,2,3, and 4) 


s 

W 

G 

Input/Output 

Operation 

F 

X 

X 

High-Z 

Deselected 

T 

H 

L 

Data Out 

Read Cycle 

T 

H 

H 

High-Z 

Read Cycle 

T 

L 

H 

Write Data In 

Write Cycle 


NOTES: 

1 . X means Don’t Care. 

2. All address and chip select inputs must meet setup and hold times for ALL low-to-high transitions of clock 
(K). W input must meet setup and hold times for ALL high-to-low transitions of clock (K). 

3. S represents SO and _S1 . T implies SI = L and SO = H; F implies SI = H or SO = L. 

4. During a write cycle, G must be high before the input data required setup time and held high throughout 
the data hold time. 


MOTOROLA MEMORY DATA 















M CM 62960 A 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electric 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect 
device reliability. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V ss = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

- 0.5 to 7.0 

V 

Output Power Supply Voltage 

V CCQ 

- 0.5 to Vqc 

V 

Voltage Relative to Vqs 

v in> v out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (Ta = 70°C, Vqq = 5 V, 
tKHKH = 20 ns) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = V CCQ = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V ss = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ 




V 

(5.0 V TTL Compatible) 


4.5 

5.0 

5.5 


(3.3 V 50 Q Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V| H 

2.2 

3.0 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

0.0 

0.8 

V 


* V|)_ (min) = - 3.0 Vac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

±1.0 

pA 

Output Leakage Current (G, ST = V|h, SO = V||_, V out = 0 to Vqqq) 

'lkg(O) 

- 

±1.0 

pA 

AC Supply Current (G, SO = V|j_|, SI = V||_, *KHKH = 20 ns 

All Inputs = V| L = 0.0 V and V 1H > 3.0 V, l out = 0 mA,) 

•CCA 

— 

175 

mA 

Standby Current (ST = V|h, SO = V|j_, All Inputs = V|j_ and Vjh, Cycle Time > tKHKH m,n ) 

•SBI 

- 

40 

mA 

CMOS Standby Current (ST > Vqq - 0.2 V, SO < 0.2 V, All Inputs > Vqq - 0.2 V or < 0.2 V, 

Cycle Time > tKHKH min ) 

•SB2 

— 

30 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

V 0 L 

- 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

- 

V 


NOTE: Good decoupling of the local power supply should always be used. 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, Ta = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ8) 

Cjn 

2 

3 

pF 

Input/Output Capacitance (DQ0-DQ8) 

c l/0 

7 

8 

pF 
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MCM62960A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = V CCQ = 5 0 v ±10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 


Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ/WRITE CYCLE TIMING (See Notes 1 , 2, and 3) 


Parameter 

Symbol 

MCM62960A-15 

MCM62960A-17 

MCM62960A-24 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Clock Control: 








ns 


Cycle Time 

*KHKH 

20 

— 

25 

— 

30 

— 



Clock High Pulse Width 

*KHKL 

8 

— 

10 

— 

12 

— 



Clock Low Pulse Width 

tKLKH 

8 

— 

10 

— 

12 

— 



Read Cycles: 








ns 


Clock Access Time 

tKHQV 

— 

15 

— 

17 

— 

24 



Output Enable to Output Valid 

tGLQV 

— 

6 

— 

7 

— 

9 



Output Buffer Control: 








ns 


Clock High to Output Low-Z 

tKHQXI 

7 

— 

7 

— 

7 

— 



Clock High to Output Change 

t|<HQX2 

5 

— 

5 

— 

5 

— 



Clock High to Q High-Z 

tKHQZ 

— 

8 

— 

8 

— 

8 



Output Enable to Output Active 

tGLQX 

0 


0 

— 

0 

— 



Output Disable to Q High-Z 

tGHQZ 

— 

7 

— 

7 

— 

9 


3 

Register/Latch Setup Times: Address 

*AVKH 

2 

— 

2 

— 

2 

— 

ns 

4 

Data 

*DVKL 

3 

— 

3 

— 

3 

— 



Write Enable 

tyVVKL 

2 

— 

2 

— 

2 

— 



Chip Select 

tSOVKH 

2 

— 

2 

— 

2 

— 




tSIVKH 

2 

— 

2 

— 

2 

— 



Register/Latch Hold Times: Address 

*KHAX 

3 

— 

3 

— 

3 

— 

ns 

4 

Data 

tKLDX 

2 

— 

2 

— 

2 

— 



Write Enable 

*KLWX 

3 

— 

3 

— 

3 

— 



Chip Select 

tKHSOX 

3 

— 

3 

— 

3 

— 




tKHSIX 

3 

— 

3 

— 

3 

— 




NOTEES: 

1 . A read cycle is defined by W high for the setup and hold times. A write cycle is defined by W low for the setup and hold times. 

2. All read and write cycle timings are referenced from K or G. 

3. Transition is measured ± 500 mV from steady-state voltage with load of Figure 1 B. This parameter is sampled and not 1 00% tested. At any 
given voltage and temperature, t^HOZ max * s less than t|<HQxi min tor a given device and from device to device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising (or 
falling in the case of W and Data In) edges of clock (K) when the device is selected. To select or deselect the device, both chip selects must be 
valid at the rising edge of K. Timings for SI and SO are similar. 


AC TEST LOADS 
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MCM62960A 


Derating Curves 


ICC A vs Cycle Time 



15 20 25 30 35 40 45 50 55 60 

CYCLE TIME (ns) 


ICCA 

(Norm) o 80 


ICCA vs V CC 



KHQV vs Temperature 


KHQV vs V C c 


TEMPERATURE (°C) 

Vcc(V) 

Change in Output Rise/Fall Times vs 

Output Capacitance 

KHQV vs Output Capacitance 


20 40 60 80 100 120 140 160 180 200 

OUTPUT CAPACITANCE (pF, lumped) 

Derating curves are based on component typical values. 


20 40 60 80 100 120 140 160 180 200 

OUTPUT CAPACITANCE (pF, lumped) 
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M CM 62960 A 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Pref 
Part Number 


MCM 62960A x xx 

T 


- Speed (15 * 15 ns, 17 = 17 ns, 24 = 24 ns) 


■ Package (FN = PLCC) 


Full Part Number- MCM62960AFN1 5 MCM62960AFN17 MCM62960AFN24 


MOTOROLA MEMORY DATA 
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TECHNICAL DATA 


MCM62963 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


Product Preview 

4K x 1 0 Bit Synchronous Static RAM 

with Output Registers 

The MCM62963 is a 40,960 bit synchronous static random access memory organized as 
4096 words of 10 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit. 

This allows reduced parts count implementation of cache data RAM, writeable control 
store applications, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions p||\| ASSIGNMENT 
for greater reliability. 

The address (A0-A11), data (D0-D9), write (W), and chip enable (E) in- s & 2 2 

f2 2 ^ S 2 2 H 

puts are all clock (K) controlled, positive-edge-triggered, noninverting 
registers. 

The chip enable (E) input is a synchronous input clock that places the 
device in a low power mode when high at the rising edge of the clock (K). 

The MCM62963 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle is 
presented. 

Write operations are internally self -timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 30 ns Max 

• Fast Clock (K) Access_Times: 13 ns Max 

• Address, Data Input, E, and W Registers On-Chip 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 2 ^ IUJ ** ^ jo o § S 3 
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MSB LSB 


PIN NAMES 


A0-A11 Address Inputs 

W Write Enable 

I Chip Enable 

D0-D9 Data Inputs 

Q0-Q9 Data Outputs 

K Clock Input 

Vcc +5 V Power Supply 

Vgg Ground 

VgSQ Output Buffer Ground 

NC No Connection 


For proper operation of the device Vgg 
and both VggQ leads must be con- 
nected to ground. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62963 


TRUTH TABLE 


1 

W 

Operation 

Q0-Q9 

Current 

L 

L 

Write 

High Z 

icc 

L 

H 

Read 

D out 

>cc 

H 

X 

Not Selected 

High Z 

'SB 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss=VssQ=° V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/ V SSQ for An Y 

Pin Except Vcc 

Vim V 0 ut 

-0.5 to Vcc + 0.5 

V 

Output Current (per I/O) 

*out 

±20 

mA 

Power Dissipation (Ta=25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

ta 

0 to +70 

°C 

Storage Temperature 

T Stfl 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

iVcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = VsSQ~0 V) 


Parameter 

Symbol 


Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

hesh 

- 


V 

Input Low Voltage 

V| L 

-0.5* 

- 

0.8 

V 


*V||_ (min) = -3.0 V ac (pulse width <20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n =0 to Vcc> 

•ikfl(l) 

- 

±1.0 

pA 

Output Leakage Current (E=V|h, V out =0 to Vcc, Outputs must be high-Z) 

•ikfl(O) 

- 

±1.0 

yA 

AC Supply Current (E=V|i_, All Inputs =V |l or V|h, l O ut = 0 mA < Cycle 

TimeSttKHKH min ) MCM62963-30: t|<HKH = 30 ns 

‘CCA 



150 

mA 

Standby Current (E=V|h, V|h^3.0 V, V|l^ 0.4 V, l out = 0 mA - Cycle 

Time* =t K HKH min) 

'SB 

- 

30 

mA 

Output Low Voltage (Iql= 12.7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = - 1.8 mA) 

Vqh 

2.8 

- 

V 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, T A =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 


Input Capacitance 

Cin 

3 

4 

pF 

Output Capacitance 

Cout 

' 5 

7 

PF 
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MCM62963 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc=5.0 V ± 10%, Ta= 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM62963-30 

Unit 

Notes 

Min 

Max 

Read Cycle Time 

fKHKH 

30 

- 

ns 

2 

Clock Access Time 


- 

13 

ns 

3 

Output Active from Clock High 

fKHQX 

3 

- 

ns 

4 

Clock High to Q High Z (E=V| H ) 

tKHQZ 

- 

13 

ns 

4 

Clock Low Pulse Width 

*KLKH 

5 

- 

ns 


Clock High Pulse Width 

tKHKL 

5 

- 

ns 


Setup Times for: E 

A 

W 

tEVKH 

fAVKH 

tWHKH 

5 

' 

ns 


Hold Times for: E 

A 

W 

l KHEX 

tKHAX 

*KHWX 

3 


ns 

5 


NOTES: 

1 . A read is defined by W high and E low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, tj<HQZ max is ,ess than tj<HQX min for a given device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM62963 


READ CYCLE 1 (See Note 1) 



READ CYCLE 2 (See Note 1) 


K (CLOCK) - 

tKHKH ► 




^ \ ; 

i 

\ 


\ 

\_ 

l KHEX — 


{ EVKH -] 



— l KHEX t E vKH-1 



-tRHEX 

E (CHIP ENABLE) 

L 

< 77AW 

\ 

f 

7//WV 

L_ 

) 

U 

tRHAX — 


tyVKH — 



- tRHAX t A VKH - 

: 


-tRHAX 

A (ADDRESS) ^ 

(XXXXXX) 

( n ) 

ocomoo 

( A+1 ) 

mm 

tKHWX— 


t WHKH — i 



-tRHWX *WHKH- 



|— *KHWX 

W (WRITE ENABLE) 

— ^ 
•<r- tRH 

gxxzzz; 

IQV — ►) 

¥ 

i 

■*- tKHQV - 

sszzz> 

*1 

T~ 

\ 

«*— ' tRHI 

!M 

51 

Q (DATA OUT) 0„-3 ^ Qn-2 

X -■ XT 


NOTE!: ___ 

1. The outputs Q n -3 and Q n -2 are derived from two previous read cycles where W = V|h and E = V|l for those cycles. 
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WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM62963-30 

Unit 

Notes 

Min 

Max 

Write Cycle Time 

t KHKH 

30 

- 

ns 

2 

Clock High to Q High Z (W = V| L ) 

tKHQZ 

- 

13 

ns 

3 

Setup Times for: 1 

t EVKH 

5 

- 

ns 

4 

A 

tAVKH 





W 

tWLKH 





D 

tDVKH 





Hold Times for: E 

tKHEX 

3 

- 

ns 

4 

A 

tKHAX 





W 

tKHWX 





D 

tKHDX 






NOTES: 

1. A write is performed when W and E are both low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, t|<nQZ max is less tl ^ an tKHQX min f° r a given device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 


K (CLOCK) 


E (CHIP ENABLE) 


A (ADDRESS) , 


W (WRITE ENABLE) 


D (DATA IN) ; 


7 

T tKHKH 

1 



' \ 

r 

\ h 

/ 

-tEVKH 

tEVKH - 



-tKHKL ►)-* l KLf 

-tKHEX t EV KH- 

(H ► 


-tKHEX 


777 

X 


7777777 

X 


77777777 

X 

tAVKH- 



-tKHAX t A vKH— 



- tKHAX 


-tAVKH 

m 


(7XXXXXX) 


(XX7XXXX) 

^ A n + 2 

tWLKH- 


*— 

- tKHWX tWLKH - 

x 

i 

-tKHWX 


-tWLKH 


x 


77777V 

77777777 

X 

tDVKH- 



-tKHDX { DVKH - 



- tKHDX 


-tDVKH 

'>000 

( °" ) 

(7777777) 

( D " +, ) 

(7777777) 

( °n + 2 


Q (DATA OUT) 0 n _ 2 


tKHOV 


On-1 


■ tKHOZ 


HIGH Z ' 



Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62963 X XX 

IT T T I Speed (30 = 30 ns) 

Package (FN = PLCC) 


Full Part Number- MCM62963FN30 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62963A 


Product Preview 

4Kx 10 Bit Synchronous Static RAM 

with Output Registers 

The MCM62963A is a 40,960 bit synchronous static random access memory organized 
as 4096 words of 10 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit. 

This allows reduced parts count implementation of cache data RAM, writeable control 
store applications, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. ^ 

The address (A0-A11), data (D0-D9), write (W), and chip enable (E) in- 
puts are all clock (K) controlled, positive-edge-triggered, noninverting 
registers. 

The chip enable (E) input is a synchronous input clock that places the 
device in a low power mode when high at the rising edge of the clock (K). 

The MCM62963A provides output register operation. At the rising edge 
of clock (K), the RAM data from the previous clock (K) high cycle is 
presented. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 30 ns Max 

• Fast Clock (K) Access_Timesj_13 ns Max 

• Address, Data Input, E, and W Registers On-Chip 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 


^ I ^ 


FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


o co 




MSB LSB 


PIN NAMES 


A0-A11 Address Inputs 

W Write Enable 

I Chip Enable 

D0-D9 Data Inputs 

Q0-Q9 Data Outputs 

K Clock Input 

Vcc + 5 V Power Supply 

Vgs Ground 

VgSQ Output Buffer Ground 

NC No Connection 


For proper operation of the device V$s 
and both VgSQ leads must be con- 
nected to ground. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62963A 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V|i_ or Vm 
during power up to prevent spurious read 
cycles from occurring. 


extended periods of time could affect device reliability. 


TRUTH TABLE 


I 

W 

Operation 

Q0-Q9 

Current 

L 

L 

Write 

High Z 

'CC 

L 

H 

Read 

D out 

>CC 

H 

X 

Not Selected 

High Z 

'SB 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = v SSQ =0 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/ V SSQ for Any 

Pin Except Vcc 

Virv V out 

-0.5 to Vqc + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T A =25°C) 

PD 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Operating Temperature 

t a 

0 to +70 

°c 

Storage Temperature 

T stg 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V CC = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss =v SSQ =0 v ) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 


V 



-0.5* 

- 

0.8 

V 


*V|i_ (min) = -3.0 V ac (pulse width <20 ns) 

DC CHARACTERISTICS 



Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

'lkg(l) 

- 

±1.0 

mA 

Output Leakage Current (E=V|h, V ou t=0 to Vcc» Outputs must be high-Z) 

'lka(O) 

- 

±1.0 

M A 

AC Supply Current (E = V||_, All Inputs = V|[_ or V|h, l O ut = 0 mA, Cycle 

Time^tKHKH m 'n) tKHKH =30 ns 

'CCA 

- 

140 

mA 

Standby Current (E = V|h, V|h^3.0 V, V|l< 0.4 V, l out = 0 mA, Cycle 

Time a:= t KH KH ™n) 

'SB 

- 

30 

mA 

Output Low Voltage 0 ol = 12.7 mA) 

V 0 L 

- 

0.4 

V 

Output High Voltage (Iqh = - 1-8 mA) 

Vqh 

2.8 

- 

V 


CAPACITANCE (f = 1.0 MHz, dV=3.0 V, T A =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

msm 

Max 

Unit 


HEHi 

3 

4 

PF 

Output Capacitance 

c out 

5 

7 

PF 
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MCM62963A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM62963A-30 

Unit 

Notes 

Min 

Max 

Read Cycle Time 

tKHKH 

30 

- 

ns 

2 

Clock Access Time 

tKHQV 

- 

13 

ns 

3 

Output Active from Clock High 

tKHQX 

3 

- 

ns 

4 

Clock High to Q High Z (E = V, H ) 


- 

13 

ns 

4 

Clock Low Pulse Width 


5 

- 

ns 


Clock High Pulse Width 


5 

- 

ns 


Setup Times for: E 

A 

W 


5 


ns 

5 

Hold Times for: E 

A 

W 

tKHEX 

tKHAX 

tKHWX 

3 


ns 

5 


N0TES: _ 

1. A read is defined by W high and E low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, t«HQZ max ,s ,ess than tKHQX min for a 9 iven device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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M CM 62963 A 


READ CYCLE 1 (See Note 1) 


A (ADDRESS) Y 


W (WRITE ENABLE) 


►MKHEX 

-tKHAX H t AVKH- 


- *KHWX tWHKH- 



Q (DATA OUT) 0 n _ 3 



READ CYCLE 2 (See Note 1) 


A (ADDRESS) A n - 1 


W (WRITE ENABLE) 


Q (DATA OUT) Q n - 3 




1. The outputs Q n -3 and Q n _2 are derived from two previous read cycles where W = V|h and E = V|l for those cycles. 




MCM62963A 


WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM62963A-30 

Unit 

Notes 

Min 

Max 



30 

- 

ns 

2 



- 

13 

ns 

3 

Setup Times for: E 

A 

W 

D 

■ 

■ 

H5S39I 

5 


ns 

4 

Hold Times for: E 

A 

W 

D 

tKHEX 

tKHAX 

*KHWX 

tKHDX 

3 


ns 

4 


NOTES: ___ 

1 . A write is performed when W and E are both low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, t^HOZ max is ,ess than tKHQX min f° r a 9 iven device. 

4. This is a synchronous device. AH synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 


K (CLOCK) J 

*KHKH 

1 





- 

\ 

-J 

/ 

-tEVKH 


i 



mmmmm 

mm 

m 

-tKHEX j 

R 


■ 



Wk 

1! 


I 


s 




MHI 






mmm. 

EEBBEa 

ER9 

B 


MSP 


MkHWX lyi/LKH — j 



-tKHWX 

k 

-tWLKH 


M 


SBBBH8H8 

■ 

■ 

S 



"2 



Mil 

■ 

BBS 


B 

m 

3BMBK 

B 

BESSEm 

mmm. 

sa 

h— 

•(— l KHQV U 

-•4-tKHQZ 

HIGH Z 

Q (DATA OUT) Q n - 2 > 

>( 


Motorola Memory Prefix 
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ORDERING INFORMATION 


(Order by Full Part Number) 


MCM 62963A 

X T 


X XX 



Full Part Number- MCM62963AFN30 


Speed (30 = 30 ns) 
Package (FN = PLCC) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

4K x 1 2 Bit Synchronous Static RAM 

with Output Registers 

The MCM62973 is a 48,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. _ _ PIN ASSIGNMENT 

The address (A0-A11), data (D0-D11), write (W), and chip enable (E) 


MCM62973 



FN PACKAGE 
44-LEAD PLCC 
CASE 777 


inputs are all clock (K) controlled, positive-edge-triggered, noninverting 
registers. 

The chip enable (E) input is a synchronous input clock that places the 
device in a low power mode when high at the rising edge of the clock (K). 

The MCM62973 provides output register operation. At the rising edge of 
clock IK), the RAM data from the previous clock (K) high cycle is 
presented. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ±10% Power Supply 

• Fast Cycle Times: 18/20 ns Max 

• Fast Clock (K) Access_Times:J0/1O ns Max 

• Address, Data Input, E, and W Registers On-Chip 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 


CD •— O 

eo o» «— <o to u m n •- 




MSB LSB 


PIN NAMES 


A0-A11 Address Inputs 

W Write Enable 

E Chip Enable 

D0-D11 Data Inputs 

Q0-Q11 Data Outputs 

K Clock Input 

Vcc +5 V Power Supply 

V§s Ground 

VsSQ Output Buffer Ground 


For proper operation of the device V§s 
and both VssQ leads must be 
connected to ground. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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M CM 62973 


TRUTH TABLE 


1 

w 

Operation 

Q0-Q11 

Current 

L 

L 

Write 

High Z 

•cc 

L 

H 

Read 

D out 

'cc 

H 

X 

Not Selected 

High Z 

•SB 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss :=v SSQ = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to +7.0 

V 

Voltage Relative to Vss/VSSQ f° r Any 

Pin Except Vcc 

v im v out 

-0.5 to Vcc + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T A = 25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature 

T stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of the clock (K) while the 
device is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|j-| 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = v SSQ =0 v > 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 

V C C + 0-3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V(l (min) = -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 


- 

±1.0 

HA 

Output Leakage Current (E = V|h, V out = 0 to Vcc> Outputs must be in High Z) 


- 

±1.0 

**A 

AC Supply Current (E = V|i_/ All Inputs = Vjl or V|H, lout = 0 mA . C y cle 

Time^tKHKH m,n ) MCM62973-18: tKHKH = 1 8ns 

MCM62973-20: t K HKH= 20ns 

'CCA 

- 

170 

160 

mA 

Standby Current (E = V|h, V|h^3.0 V, V|l< 0.4 V, l out = 0 mA ' Cy cle 

Times: = t|<HKH min ) 

'SB 

- 

30 

mA 

Output Low Voltage 0 ol = 12.7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh =-1.8 mA) 

VOH 

2.8 

- 

V 


CAPACITANCE (f = 1.0 MHz, dV=3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested), 


Characteristic j 


Typ 


Unit 


Cin 

3 

4 

pF 

Output Capacitance | 

■m 

5 

7 

PF 
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MCM62973 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V CC = 5.0 V ±10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM62973-18 



Notes 

Min 

Max 



Read Cycle Time 


18 

- 

20 

- 

ns 

2 

Clock Access Time 


- 

10 

- 

10 

ns 

3 

Output Active from Clock High 


3 

- 

3 

- 

ns 

4 

Clock High to Q High Z (E=V|h) 


- 

10 

- 

10 

ns 

4 

Clock Low Pulse Width 


5 

- 

5 

- 

ns 


Clock High Pulse Width 

■7771 

5 

- 

5 

- 

ns 


Setup Times for: E 

A 

W 


4 

" 

4 

" 

ns 

■ 

Hold Times for: E 

A 

W 

tKHEX 

tKHAX 

tKHWX 

2 


2 


ns 

5 


NOTES: 

1. A read is defined by W high and E low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, t^HOZ max is ,ess than t«HOX min f° r 3 given device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM62973 


READ CYCLE 1 (See Note 1) 


K (CLOCK) 


r 


E (CHIP ENABLE) 




tAVKH- 


A (ADDRESS) 

tWVKH 

W (WRITE ENABLE) 


-tKHKH- 


tKHKL- 

- tEVKH 


-tKLKH- 


K 


T 


tEVKH' 




tKHEX 

tKHAX ►! UVKH- 


A n- 1 


-tKHWL tWHKH- 


If WW7777 

|-*-tKHQV 


\ t \_ 




Q (DATA OUT) Q n _ 3 


-tKHEX tEVKH- 


- tKHAX t A VKH- 




-tKHWX twHKH- 




i2ZZZZ 


-tKHQZ- 


Qn-2 


tKHQX - 


-tKHEX 


-tKHAX 


-tKHWX 


HIGH Z - 


XXXSX 

HQ V-> 

xmcz: 


READ CYCLE 2 (See Note 1) 



K (CLOCK) 


V 


tKHEX- 


E (CHIP ENABLE) 


tKHAX - 
A (ADDRESS) A n _i 


- tKHKH - 


- tKHKL - 


v__y 




tKHWX - 


W (WRITE ENABLE) 


tEVKH • 


tAVKH - 


tWHKH- 


X SSXZZZ7 


iZZZXXXh. 


- tKHQV - 


Q (DATA OUT) Q n -3 


-tKHEX t EV KH - 


tKHAX tAVKH- 




•tKHWX twHKH- 


iIZZZL 


- tKHQV 


°n- 2 


\W\///X 

► 

XU 


-tKHEX 


“tKHAX 


-tKHWX 


-tKHQV 


Qn-1 


Y 5 X 5 

5 dl 


NOTE: 

1. The outputs Q n _3 and Q n -2 are derived from two previous read cycles where W = Vm and.E = V||_ for those cycles. 
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MCM62973 


WRITE CYCLE (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM62973-18 

MCM62973-20 



Min 

Max 

Min 


Write Cycle Time 

l KHKH 

18 

- 

20 

- 

ns 

2 

Clock High to Output High Z (W = V| L ) 

tKHQZ 

- 

10 

- 

10 

ns 

3 

Setup Times for: E 

A 

W 

D 

l EVKH 

tAVKH 

tWLKH 

tDVKH 

4 


4 



■ 

Hold Times for: E 

A 

W 

D 

tKHEX 

l KHAX 

l KHWX 

tKHDX 

2 


2 


ns 

4 


N° TES: 

1. A write is performed when W and E are both low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, t|<HQZ max is ,ess than tKHQX m,n f° r a given device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 


K (CLOCK) 


E (CHIP ENABLE) 


A (ADDRESS) , 


W (WRITE ENABLE) 


; 

tKHKH 

? 




' 

r 



-tEVKH 

l EVKH - 

I 

l 


BS 

m 

■ 

1 

ns 

■ 


■ 

■ 

m 

tAVKH- 



— *KHAX ^VKH- 


M 

- *KHAX 

hH 

- tAVKH 

M 

\ _ ; 



mmmn 

£ A n + 2 

mg 

mm 

PM 


PHIM 


■ 

PMV 

-tWLKH 

p 

m 

M 

MB 

■ 

■ 

Bw 

■ 



MB 

■■ 


Pig 


-tKHDX 




m n 

m 


wmsm 

mam 

1— 

4— tKHOV U 

-^4-tKHOZ 

^ HIGH Z 

1 0»-2 ' 
J 




ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62973 


Motorola Memory Prefix 


X XX 

T I 


Speed (18= 18 ns, 20 = 20 ns) 


Part Number 


Package (FN = PLCC) 


Full Part Numbers— MCM62973FN18 MCM62973FN20 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62973A 


Product Preview 

4K x 1 2 Bit Synchronous Static RAM 

with Output Registers 

The MCM62973A is a 48,152 bit synchronous static random access memory organized 
as 4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (A0-A11), data (D0-D11), write (W), and chip enable (E) c 

inputs are all clock (K) controlled, positive-edge-triggered, noninverting 
registers. 

The chip enable (E) input is a synchronous input clock that places the 
device in a low power mode when high at the rising edge of the clock (K). 

The MCM62973A provides output register operation. At the rising edge 
of clock (K), the RAM data from the previous clock (K) high cycle is 
presented. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ±10% Power Supply 

• Fast Cycle Times: 18/20 ns Max 

• Fast Clock (K) Access_TimesM0/10 ns Max 

• Address, Data Input, E, and W Registers On-Chip 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 




MSB LSB 


QO 


Q11 


PIN NAMES 


A0-A1 1 Address Inputs 

W Write Enable 

E Chip Enable 

D0-D11 Data Inputs 

Q0-Q1 1 Data Outputs 

K Clock Input 

V(x + 5 V Power Supply 

Vss Ground 

VgSQ Output Buffer Ground 


For proper operation of the device V$S 
and both VssQ leads must be 
connected to ground. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62973A 


TRUTH TABLE 


E 

W 

Operation 

Q0-Q11 

Current 

L 

L 

Write 

High Z 

'cc 

L 

H 

Read 

D out 

'cc 

H 

X 

Not Selected 

High Z 

'SB 


NOTE: The values of E and W are valid inputs for the setup and hold times relative to 
the K rising edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = v SSQ :=:0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/ V SSQ f° r Any 

Pin Except Vqq 

v in» v out 

-0.5 to Vcc + 0- 5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T A = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

t a 

Oto +70 

°C 

Storage Temperature 

T stg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of the clock (K) while the 
device is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V|L or V|H 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgs = VsSQ = 0 V) 


Parameter 

Symbol 


Typ 

Max 


Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

- 

V C C + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V||_ (min) = -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n =0 to Vcc> 

•ikfld) 

- 

±1.0 

*A 

Output Leakage Current (E = V|h, V ou t = 0 to Vcc> Outputs must be in High Z) 

'lka(O) 

- 

±1.0 

mA 

AC Supply Current (E = V|i_, All Inputs = V|l or V|H, lout = 0 mA , c Y c,e 

TimeSitKHKH rnin) MCM62973A-18: tKHKH = 18ns 

M C M62973 A-20 : t K HKH = 20ns 

'CCA 

- 

170 

160 

mA 

Standby Current (I = V|h, Vm^3.0 V, V|l^ 0.4 V, lout = 0 mA * c Y cle 

Times: =t«HKH min ) 

•SB 

- 

30 

mA 

Output Low Voltage (Iol = 12.7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = - 1.8 mA) 

Vqh 

2.8 

- 

V 


CAPACITANCE (f=1.0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Cjn 

3 

4 

PF 

Output Capacitance 

WEZBM 

5 

7 

PF 
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MCM62973A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

<V CC = 5.0 V ± 10%, Ta = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ CYCLE (See Note 1) 


Parameter 

Symbol 

MCM62973-18A 




Min 

Max 

Min 

Max 

Read Cycle Time 


18 

- 

20 

- 


2 

Clock Access Time 

tKHQV 

- 

10 

- 

10 

ns 

3 

Output Active from Clock High 

tKHQX 

3 

- 

3 

- 

ns 

4 


fKHQZ 

- 


- 

10 

ns 

4 

Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

ns 


Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

ns 


Setup Times for: E 

A 

W 


4 

" 

4 

" 


■ 

Hold Times for: E 

A 

W 

tKHEX 

*KHAX 

tKHWX 

2 


2 


ns 

5 


NOTES: _ 

1 . A read is defined by W high and E low for the setup and hold times. 

2. All read cycle timing is referenced from K. 

3. Valid data from K high will be the data stored at the address of the last valid read cycle. 

4. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, t|<HQZ max ls ' ess than t«HQX min f° r a given device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM62973A 


READ CYCLE 1 (See Note 1) 


K (CLOCK) 


/ 


E (CHIP ENABLE) 


tAVKH 

A (ADDRESS) 

tWVKH 

W (WRITE ENABLE) 


Z 7 

WKH- <+ 

ix 


-tKHKH- 


l KHKL - 

-tEVKH 


t KLKH- 


7 \ 


tEVKH- 




-tKHEX 
tKHAX H l AVKH- 


- 1 


-tKHWL f WHKH- 


7777777 


, 2 ZZm 


Q (DATA OUT) Q n _ 3 


-tKHEX tEVKH - 


-tKHAX t AV KH- 


— ► — tKHWX 


-tKHWX t WH KH- 


/uni 


Qn-2 


\\W/77 

► 


-tKHQZ 


tKHOX - 


-tKHEX 


- tKHAX 


- l KH0V - 


wz 


READ CYCLE 2 (See Note 1) 


K (CLOCK) 


/ ^"““7 \ 

t KH KL f \ 


tKHEX- 


E (CHIP ENABLE) 


tKHAX - 
A (ADDRESS) *n - 1 


- tKHKH - 


; 777777\ 


tKHWX - 


W (WRITE ENABLE) 


tEVKH • 


tAVKH - 


tWHKH- 


f 


, 7777777 


0 (DATA OUT) Q n - 3 


\WV//7 


- l KHOV 


-tKHEX tEVKH - 


•tKHAX t A VKH- 




tKHWX t WH KH - 



,77777 


- tKHQV - 


Qn-2 


vA 7/7/7 

kz 


-tKHEX 


-tKHAX 


-tKHWX 


Qn-1 


ms 


NOTE: _ 

1. The outputs Q n _3 and Q n -2 are derived from two previous read cycles where W = V|h and E = V|l for those cycles. 
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MCM62973A 


WRITE CYCLE (W Controlled, See Note 1) 


Parameter 


MCM62973A-18 

MCM62973A-20 

Unit 

Notes 

Min 

Max 

Min 

Max 


tKHKH 

18 

- 

20 

- 

ns 

2 

Clock High to Output High Z (W=V !L ) 

tKHQZ 

- 

10 

- 

10 

ns 

3 

Setup Times for: E 

A 

W 

D 


4 


4 


ns 

■ 

Hold Times for: E 

A 

W 

D 

tKHEX 

t<HAX 

*KHWX 

tKHDX 

2 


2 



■ 


NOTES: __ 

1. A write is performed when W and E are both low for the specified setup and hold times. 

2. All write cycle timing is referenced from K. 

3. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled not 100% tested. At any 
given voltage and temperature, t|<HQZ max is ,ess than t KHQX m ' n f° r a given device. 

4. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 


WRITE CYCLE 


K (CLOCK) 


E (CHIP ENABLE) 


A (ADDRESS) , 


W (WRITE ENABLE) 


; 

-e t K HKH 

? 





r 


-J 

-tEVKH 

tEVKH -j 



- *KHKL ►)-* l KLI 

-tKHEX t EVKH — 

mm 

— n 

-tKHEX j 

■ 

BBS 

\ 


■ 

■ 

amaem 

Hj 

MB 



'IBB 


■ 

23 


m 

4IDi ft 


mgm 


H 


BBBBB 

BM 





■■V 

“ tWLKH 

B 

■ 

H 

MBMS 

m 

■ 

r///A\\\\ 

B 


m 

IBB 

■■ 


MB 

Mil 



-tDVKH 


M Jk 

MS 

m 

M3M* 

sgtSI 

4 

h— * 

>4— tKHQV U 

-»4— tKHQZ 

HI6H z 

1 <V-2 

* 

k 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62973A X XX 

JTIL 


Speed (18= 18 ns, 20 = 20 ns) 
Package (FN = PLCC) 


Full Part Numbers — MCM62973AFN 1 8 MCM62973AFN20 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62974 


Product Preview 

4K x 1 2 Bit Synchronous Static RAM 

with Output Registers and Output Enable 

The MCM62974 is a 49,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (A0-A11), data (D0-D11), and write (W) inputs are all clock a> l 

(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62974 provides output register operation. At the rising edge of 
clock (K), the RAM data from the previous clock (K) high cycle is 
presented. 

The output enable (G) provides asynchronous bus control for common 
I/O or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ±10% Power Supply 

• Fast Cycle Times: 18/20 ns Max 

• Fast Clock (K) Access Times: 10/10 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Output Enable for Asynchronous Bus Control 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 



PIN ASSIGNMENT 


o ♦ n n •- 





MSB 


LSB 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62974 


TRUTH TABLE 



Operation 

00-09 

Current 

L 

Write 

High Z 

'CCA 

H 

Read 

D out 

>CCA 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to VsS^ V SSQ =0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vss/VgSQ for Any 

Pin Except Vqc 

v im v out 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T A =25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature 

I§tg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|h 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta= 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss~ V SSQ =0 V) 


Parameter 

Symbol 

Min 

Typ 



Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V|H 

2.2 

- 


V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V|l (min) = -3.0 V ac (pulse width :s20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 


Input Leakage Current (All Inputs, Vj n =0 to Vqc) 

■ikfl(l) 

- 

±1.0 

** A 

Output Leakage Current (<3=V|h, V out = 0 to Vcc* Outputs must be high-Z) 

•ikalO) 

- 

±1.0 

#*A 

AC Supply Current (<5 = Vn , All Inputs = Vn or Vim, Unt 

= 0 mA, Cycle 

'CCA 



mA 

TimeatKHKH min) 

MCM62974-18: t K HKH = 18 ns 


- 

180 



MCM62974-20: t KH KH=20ns 


- 

170 


Output Low Voltage (Iql= 12.7 mA) 

VOL 

- 


V 

Output High Voltage (Iqh =-18 mA) 

Vqh 

2.8 


V 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, T A =25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 


Input Capacitance 

Cjn 

3 

4 

pF 

Output Capacitance 

C 0 ut 

5 

7 

PF 


MOTOROLA MEMORY DATA 
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MCM62974 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0 to +70°C, Unless Otherwise Noted) 

Input Tinning Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ/WRITE CYCLE 


Parameter 

Symbol 

MCM62974-18 

MCM62974-20 



Min 

Max 


Max 

Read Cycle Time 

tKHKH 

18 

- 

20 

- 

ns 

1,3 

Write Cycle Time 

tKHKH 

18 

- 

20 

- 

HQH 

2,3 

Clock High Access Time 

tKHQV 

- 

10 

- 


ns 

3, 4 

(5 Low to Output Valid 

tGLQV 

- 

10 

- 

10 

1^1 

3 

Output Active from Clock High 

tKHQX 

0 

- 

0 

- 

ns 


Output Active from Z5 Low 

tGLQX 

0 

- 


- 



Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

iHiiii 


Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

ns 


Setup Times for: A 

D 

W 


■ 

■ 

■ 

■ 


U 

Hold Times for: A 

D 

W 



fl 

2 

■ 

ns 

1, 2, 5 

Clock High to Output High Z (W=V||_) 


0 


0 

10 

ns 

■ 

G High to Output High Z 

tGHQZ 

0 

10 

0 

10 

ns 

ms 


NOTIES: 

1 . A read is defined by W high for the specified setup and hold times. 

2. A write is defined by W low for the specified setup and hold times. 

3. All read and write cycle timing is referenced from K or from <5. 

4. Valid data from K high will be the data stored at the address of the last valid read cycle. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

6. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, t<HQ2 max is ,ess than fKHQX min and fGHQZ max is less than tGLQX min f° r a given device. 

7. G becomes a don't care signal for successive writes after the first write cycle. 


AC TEST LOADS 




Figure 1A 


Figure IB 


MOTOROLA MEMORY DATA 
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MCM62974 


READ CYCLE 


K (CLOCK) 




G (OUTPUT ENABLE) 


l AVKH- 




-«KHKH- 


- l KHKL - 


-tKHAX - 


A (ADDRESS) 

tWVKH 

W (WRITE ENABLE) 


l AVKH- 


TT 


tKHWX twvKH 


/ 


\ 


-tKHQV- 


Q (DATA OUT) Q n - 3 


-tKHAX 




- tKHWX 


1 

tQHOZ -►j 

* 

tGLQX— ► 

— HIGH-Z — 

«— tGLQV — ► 

1 **- tKHQV -► 


X > 

m 

v..V / 

K 


tAVKH - 


tWVKH 


J 


-tKHAX 


-tKHWX 


WRITE CYCLE 

(SEPARATE I/O MODE) 


(COMMON I/O MODE) 



/ V 


J 


-tKHKH" 


-tKHKL- 


-tKLKH- 


- tAVKH 


tAVKH ■ 




-► r*~ tWVKH twvim-u* 

♦^-ikhwx wm ~* 



•tKHWX 


“tDVKH 


■ tKHDX 


tDVKH - 





D n+1 



b*- tGHQZ 


Qn-2 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 


Motorola Memory Prefix 


62974 X XX 

T T I 


Speed (18= 18 ns, 20 = 20 ns) 


Part Number 


Package (FN = PLCC) 


Full Part Numbers— MCM62974FN 18 MCM62974FN20 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


MCM62974A 


Product Preview 

4K x 1 2 Bit Synchronous Static RAM 

with Output Registers end Output Enable 

The MCM62974A is a 49,152 bit synchronous static random access memory organized 
as 4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output registers onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (A0-A11), data (D0-D11), and write (W) inputs are all clock ra m 

(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62974A provides output register operation. At the rising edge 
of clock (K), the RAM data from the previous clock (K) high cycle is 
presented. 

The output enable (G) provides asynchronous bus control for common 
I/O or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 18/20 ns Max 

• Fast Clock (K) Access Times: 10/10 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Output Enable for Asynchronous Bus Control 

• Output Registers for Fully Pipelined Applications 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 


♦ 


FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


u n n •- 



D0-D11 



PIN NAMES | 

A0-A11. 


W. . . . 


G . . . . 


D0-D11 

Data Inputs 

Q0-Q11 

Data Outputs 

K . . . . 


vcc • • 

. . . . + 5 V Power Supply 

v S s 


V SSQ • 

. . . Output Buffer Ground 


For proper operation of the device V$s 
and both VgSQ leads must be con- 
nected to ground. 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62974A 


TRUTH TABLE 


w 

Operation 

00-09 

Current 

L 

Write 

High Z 

•CCA 

H 

Read 

D out 

•CCA 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss~VsSQ =0 V * 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

■■ 

Voltage Relative to Vss/ V SSQ f° r Any 

Pin Except Vcc 

Vim V 0 ut 

-0.5 to Vcc + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

E9 

Power Dissipation (T A =25°C) 

PD 

1.0 


Temperature Under Bias 

"•bias 

-10 to +85 

°c 

Operating Temperature 

ta 

0 to +70 

°c 

Storage Temperature 

I§tfl 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or V|H 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss =v SSQ == 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

2.2 

- 

V C C + 0.3 

V 

Input Low Voltage 

V|L 

-0.5* 

- 

0.8 

V 


*V||_ (min) = -3.0 V ac (pulse width ^20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol | 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 


- 

±1.0 

pA 

Output Leakage Current (G=V|h, V ou t = 0 to Vcc* Outputs must be high-Z) 

•ika(O) 

- 

±1.0 


AC Supply Current (<§ = V|l, All Inputs = Vj|_ or V|h, lout = 0 mA , Cycle 

•CCA 



mA 

Time2:tKHKH m »n) 

MCM62974A-18: t K HKH = 18ns 


- 

180 



MCM62974A-20: t KH KH=20ns 


- 

170 


Output Low Voltage (Iol = 12.7 mA) 

V 0 L 

- 

0.4 

V 

Output High Voltage (Iqh - - 1.8 mA) 

Vqh 

2.8 

- 

V 


CAPACITANCE (f =1.0 MHz, dV=3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 

Unit 

Input Capacitance 

Oin 

3 

4 

pP 

Output Capacitance 

C 0 ut 

5 

7 

pP 


MOTOROLA MEMORY DATA 
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MCM62974A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ/WRITE CYCLE 


Parameter 

Symbol 

MCM62974A-18 

MCM62974A-20 

Unit 

Notes 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

18 

- 

20 

- 

ns 

1,3 

Write Cycle Time 

*KHKH 

18 

- 

20 

- 

ms 

2,3 

Clock High Access Time 

l KHQV 

- 

10 

- 

10 

mm 

■IB 

<5 Low to Output Valid 

l GLQV 

- 

10 

- 

10 

■ 

3 

Output Active from Clock High 


0 

- 

0 

- 

mm 


Output Active from <5 Low 

tGLQX 

0 

- 

0 

- 

mm 


Clock Low Pulse Width 

l KLKH 

5 

- 

5 

- 

m 


Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

ns 


Setup Times for: A 

D 

W 

tAVKH 

*DVKH 

t WVKH 

■ 

■ 

■ 

■ 

ns 

1,2, 5 

Hold Times for: A 

D 

W 

tKHAX 

*KHDX 

tKHWX 

2 

■ 

2 



■ 

Clock High to Output High Z (W=V| L ) 

tKHQZ 

0 

10 

0 

10 

ns 


G High to Output High Z 

*GHQZ 

0 

10 

0 

10 

ns 

3, 6,7 


N° TES: 

1 . A read is defined by W high for the specified setup and hold times. 

2. A write is defined by W low for the specified setup and hold times. 

3. All read and write cycle timing is referenced from K or from G. 

4. Valid data from K high will be the data stored at the address of the last valid read cycle. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

6. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, t£HQZ max is less than t«HQX m ' n and t^HOZ max ’ s ^ ess than tQ|_ox min for a given device. 

7. (a becomes a don't care signal for successive writes after the first write cycle. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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7-179 



















































MCM62974A 


READ CYCLE 


K (CLOCK) 


/ 


G (OUTPUT ENABLE) 


tAVKH- 




-‘KHKH- 


- l KHKL - 


- t KLKH — 


K 


7 V 


-t KHAX - 


l AVKH- 


f 


v 


Y 


- tKHAX 


A (ADDRESS) 

tWVKH 

W (WRITE ENABLE) 


An - l 


zf 




-tKHWX twVKH^ 


- l KHQV - 


Q (DATA OUT) Q n - 3 


- l KHWX 


YSXZZZ7 


1 

tGHQZ -H 

tGLQX— ► 

— HIGH-Z — 

fr— tQLQV — ► 

tKHQV -► 

I 

A ) 


( n "-' ) 



UVKH - 


tWVKHl 


-'KHAX 


-tKHWX 


WRITE CYCLE 

(SEPARATE I/O MODE) 


(COMMON I/O MODE) 




Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62974A X XX 

JTIL_ 


Speed (18=18 ns, 20 = 20 ns) 


Package (FN = PLCC) 


Full Part Numbers- MCM62974AFN18 MCM62974AFN20 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

4K x 1 2 Bit Synchronous Static RAM 

with Transparent Outputs and Output Enable 

The MCM62975 is a 48,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (A0-A11), data (D0-D11), and write (W) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62975 provides transparent output operation when clock (K) is 
low for access of RAM data within the same cycle (output data is latched 
when clock (K) is high). 

The output enable (G) provides asynchronous bus control for common 
I/O or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 


MCM62975 




FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


o ^ n 


Single 5 V ± 10% Power Supply 

Fast Cycle Times: 25/30 ns Max 

Fast Clock (K) Access Times: 10/13 ns Max 

Address, Data Input, and W Registers On-Chip 

Transparent Output Latch for Access Within the Same Cycle 

Output Enable for Asynchronous Bus Control 

High Output Drive Capability 

Internally Self-Timed Write Pulse Generation 

Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 





This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 


MOTOROLA MEMORY DATA 














MCM62975 


TRUTH TABLE 


w 

Operation 

Q0-Q11 

Current 

L 

Write 

High Z 

•CCA 

H 

Read 

D out 

'CCA 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 


edge. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = VssQ=0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Voltage Relative to Vgs/VgSQ for Any 

Pin Except Vcc 

v in' v out 

-0.5 to Vqc + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T A =25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to +85 

°C 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature 

Istg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at V||_ or Vm 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss=VsSQ~0 V) 


Parameter 


Min 

Typ 

Max 


Supply Voltage (Operating Voltage Range) 

vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

V| H 

BOSH 

- 

V C C + 0.3 

V 

Input Low Voltage 

V|L 

| -0.5* | 

- 

0.8 

V 


*V|l (min) = -3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 


- 

±1.0 

a*a 

Output Leakage Current (G=V|h, V out = 0 to Vcc» Outputs must be high-Z) 


- 

±1.0 

mA 

AC Supply Current (G = V||_, All Inputs = V|l or V|h, l 0 ut = ° mA, Cycle 

Time^tKHKH min) MCM62975-25: t|<HKH = 25ns 

MCM62975-30: t KH KH =30 ns 


- 



Output Low Voltage (Iol = 12-7 mA) 

v OL 

- 

0.4 

V 

Output High Voltage (Iqh * - 1.8 mA) 


2.8 

- 

V 


CAPACITANCE (f=1.0 MHz, dV=3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


| Characteristic 

Symbol 

Typ 

Max 



Cjn 

3 

4 

PF 

| Output Capacitance 


5 

7 

pF 


MOTOROLA MEMORY DATA 
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M CM 62975 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/ Fall Time 5 ns 


READ/WRITE CYCLE 


Parameter 

Symbol 

MCM62975-25 

MCM62975-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

25 

- 

30 

- 

ns 

1, 3 

Write Cycle Time 

l KHKH 

25 

- 

30 

- 

ns 

2, 3 

Clock High Access Time 

tKHQV 

- 

25 

- 

30 

ns 

ES33 

Clock Low to Output Valid 

tKLQV 

- 

10 

- 

13 

ns 


<5 Low to Output Valid 

tGLQV 

- 

10 

- 

13 

ns 

3 

Output Active from Clock Low 

tKLQX 

0 

- 

0 

- 

ns 


Output Active from <5 Low 

tGLQX 

0 

- 

0 

- 

ns 


Clock Low Pulse Width 


5 

- 

5 

- 



Clock High Pulse Width 


5 

- 

5 

- 

ns 


Setup Times for: A 

D 

W 


4 

" 

■ 




Hold Times for: A 

D 

W 


2 

" 

2 



1, 2, 6 

Clock Low to Output High 2 (W= V||J 


0 

10 

0 

13 


5, 7 

G High to Output High Z 

tGHQZ 

0 

10 

0 

13 

ns 

3, 7,8 


NOTE-S : 

1. A read is defined by W high for the specified setup and hold times. 

2. A write is defined by W low for the specified setup and hold times. 

3. All read and write cycle timing is referenced from K or from G. 

4. Access time is controlled by t|<LQv if the clock high pulse width ^(tKHQV -t KLQV)i otherwise it is controlled by t^HOV- 

5. K must be low for the outputs to transition. 

6. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

7. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, t|<HQZ max ls ,ess than t«HQX m ' n and tGHQZ max IS ,ess than tQ|_ox min for a given device. 

8. G becomes a don't care signal for successive writes after the first write cycle. 



AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM62975 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62975 



X XX 

T I 


Speed (25 = 25 ns, 30 = 30 ns) 
Package (FN = PLCC) 


Full Part Numbers- MCM62975FN25 MCM62975FN30 


MOTOROLA MEMORY DATA 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

4K x 1 2 Bit Synchronous Static RAM 

with Transparent Outputs and Output Enable 

The MCM62975A is a 48,152 bit synchronous static random access memory organized as 
4096 words of 12 bits, fabricated using Motorola's second-generation high-performance 
silicon-gate CMOS (HCMOS III) technology. The device integrates input registers, high 
speed SRAM, and high-drive capability output latching onto a single monolithic circuit for 
reduced parts count implementation of cache data RAM, writeable control store applica- 
tions, and other applications that utilize long words. 

Synchronous design allows precise cycle control with the use of an external clock (K), 
while CMOS circuitry reduces the overall power consumption of the integrated functions 
for greater reliability. 

The address (A0-A11), data (D0-D11), and write (W) inputs are all clock 
(K) controlled, positive-edge-triggered, noninverting registers. 

The MCM62975A provides transparent output operation when clock (K) is 
low for access of RAM data within the same cycle (output data is latched 
when clock (K) is high). 

The output enable (G) provides asynchronous bus control for common 
I/O or bank switch applications. 

Write operations are internally self-timed and initiated by the rising edge 
of the clock (K) input. This feature eliminates complex off-chip write pulse 
generation and provides increased flexibility for incoming signals. 

• Single 5 V ± 10% Power Supply 

• Fast Cycle Times: 25/30 ns Max 

• Fast Clock (K) Access Times: 10/13 ns Max 

• Address, Data Input, and W Registers On-Chip 

• Transparent Output Latch for Access Within the Same Cycle 

• Output Enable for Asynchronous Bus Control 

• High Output Drive Capability 

• Internally Self-Timed Write Pulse Generation 

• Separate Data Input and Data Output Pins 

BLOCK DIAGRAM 


MCM62975A 


♦ 


FN PACKAGE 
44-LEAD PLCC 
CASE 777 


PIN ASSIGNMENT 


r- t— CO ir> CJ^’P'SCX*— 



D0-D11 



MSB 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCM62975A 


TRUTH TABLE 


w 

Operation 

Q0-Q11 

Current 

L 

Write 

High Z 

'CCA 

H 

Read 

D out 

>CCA 


NOTE: The value W is a valid input for the setup and hold times relative to the K rising 
edge. 

ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = v SSQ =0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

v cc 

-0.5 to +7.0 

V 

Voltage Relative to Vgs/VssQ for Any 

Pin Except Vcc 

V in , V out 

-0.5 to Vcc + 0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T A = 25°C) 

PD 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Operating Temperature 

t a 

Oto +70 

°c 

Storage Temperature 

I§tg 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. 

This is a synchronous device. All synchron- 
ous inputs must meet the specified setup 
and hold times with stable logic levels for 
ALL rising edges of clock (K) while the de- 
vice is selected. 

This device contains circuitry that will en- 
sure the output devices are in High Z at 
power up. Care should be taken by the user 
to ensure that all clocks are at Vjl or V|h 
during power up to prevent spurious read 
cycles from occurring. 

This CMOS memory circuit has been de- 
signed to meet the dc and ac specifications 
shown in the tables, after thermal equilib- 
rium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Ta = 0 to 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss = v SSQ = Q v ) 


Parameter 

Symbol 

Min | 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

WKSM 

5.0 

5.5 

V 

Input High Voltage 

V| H 

■091 

- 


V 

Input Low Voltage 

V|L 

! -0.5* | 

- 

0.8 

V 


*V|l (min) = -3.0 V ac (pulse width <20 ns) 



DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vcc) 

'lka(l) 

- 

±1.0 


Output Leakage Current ((j = V|h, V ou t = 0 to Vcc* Outputs must be high-Z) 

'lkfl(O) 

- 

±1.0 

HA 

AC Supply Current (G = V||_, All Inputs = V|l or V|h, lout = 0 mA, Cycle 

Timestt^HKH min) MCM62975-25: tKHKH = 25ns 

MCM62975-30: t K HKH=30ns 

'CCA 

- 

160 

150 

mA 

Output Low Voltage 0oL = 12.7 mA) 

VOL 

- 

0.4 

V 

Output High Voltage (Iqh = - 1 -8 mA) 

Vqh 

2.8 

- 

V 


CAPACITANCE (f = 1.0 MHz, dV = 3.0 V, T a = 25°C, Periodically Sampled Rather Than 100% Tested) 


Characteristic 

Symbol 

Typ 

Max 


Input Capacitance 

Cjn 

3 

4 



c out 

5 

7 

PF 
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MCM62975A 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ±10%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Measurement Reference Level 1.5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 5 ns 


READ/WRITE CYCLE 


Parameter 

Symbol 

MCM62975-25 

MCM62975-30 

Unit 

Notes 

Min 

Max 

Min 

Max 

Read Cycle Time 

tKHKH 

25 

- 

30 

- 

ns 

1, 3 

Write Cycle Time 


25 

- 

30 

- 

ns 

2, 3 

Clock High Access Time 


- 

25 

- 

30 

ns 

bh 

Clock Low to Output Valid 


- 

10 

- 

13 

ns 


(j Low to Output Valid 


- 

10 

- 

13 

ns 

3 

Output Active from Clock Low 

tKLQX 

0 

- 

0 

- 

ns 


Output Active from <3 Low 

tGLQX 

0 

- 

0 

- 

ns 


Clock Low Pulse Width 

tKLKH 

5 

- 

5 

- 

ns 


Clock High Pulse Width 

tKHKL 

5 

- 

5 

- 

ns 


Setup Times for: A 

D 

W 


■ 


4 



1, 2, 6 

Hold Times for: A 

D 

W 

tKHAX 

tKHDX 

*KHWX 

2 


2 


ns 

1, 2, 6 

Clock Low to Output High Z (W = V||_) 

tKLQZ 

0 

10 

0 

13 

ns 

5, 7 

€ High to Output High Z 

tGHQZ 

0 

10 

0 

13 

ns 

3, 7, 8 


NOTES; ___ 

1 . A read is defined by W high for the specified setup and hold times. 

2. A write is defined by W low for the specified setup and hold times. 

3. All read and write cycle timing is referenced from K or from G. 

4. Access time is controlled by t«LQV the clock high pulse width ^(t|<HQV -t KLQ\A' otherwise it is controlled by t|<HQV- 

5. K must be low for the outputs to transition. 

6. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) while the device is selected. 

7. Transition is measured ±500 mV from steady-state voltage with load of Figure IB. This parameter is sampled and not 100% tested. At any 
given voltage and temperature, t|<HQZ max is less than l KHQX min and tGHQZ max is less than tQLOX min f° r a 9 iven device. 

8. G becomes a don't care signal for successive writes after the first write cycle. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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MCM62975A 


READ CYCLE 


K (CLOCK) 


G (OUTPUT ENABLE) 
tAVKH 

A (ADDRESS) 

*WHKH 



rocDsmmsffl 


W (WRITE ENABLE) 


Q (DATA OUT) . 


- *KHWX l WHKH - 


- l KHWX 


TO \\\\W\\\/////777 


tKLQV- 

tKLQX-* 


PREVIOUS HIGH Z 

* tKHQV- 


*KLQV- 


^GHQZ- 


® ( Q, ~ i X ^ / — \XXXa 


tGLQV-*- 

*-*GLQX 


WRITE CYCLE 


K (CLOCK) 


G (OUTPUT ENABLE) 


W (WRITE ENABLE) 


/ 

t K l 

IKH ► 

\ ? 




t \ 


v_ 


/ 


tKHKL ► 

M t K LKH ► | 


tAVKH-j 

r — - 

M 

L *KHAX 

tAVKH-l 



i- *KHAX 1 


- tAVKH 

torn 

M 

'immm 

ABB 

mmwrn 

^ A n + 2 

fig*!"* 

hhh 

■M 

L *KHWX 

■ 

■i 

■H 


■■■ 


g 

■ 

i 

r//i 

1 

■ 

■ 

i///A\\\\ 

■ 

jg 


HUH 

s 


PH 

Hi 

9 ■ 

PBH 


B 



4 

iBl 

wHBI 


Q (DATA OUT) 


Ofl-1 


3 


-tKLQZ 
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MCM62975A 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62975 X XX 


i. 


Speed (25=25 ns, 30=30 ns) 
• Package (FN = PLCC) 


Full Part Numbers- MCM62975FN25 MCM62975FN30 
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MOTOROLA 

SEMICONDUCTOR ■bbmhhh 

TECHNICAL DATA 

Advance Information 

64K x 4 Bit Fast Synchronous 
Static RAM 

The MCM62980 is a 262,144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with 
advanced peripheral circuitry consisting of positive edge triggered registers on 
address and synchronous write enable inputs. Asynchronous controls consist of 
asynchronous write strobe and output enable (G). This device has increased 
output drive capability supported by multiple power pins. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock (K). Write cycles are completed 
only if asynchronous write strobe (AW) is asserted within the specified setup time 
of the following rising edge of clock (K). Write cycles may be aborted by negating 
the AW signal prior to the low transition of the clock. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62980 will be available in a 28-pin 300-mil plastic SOJ. 

Applications for this device include cache data and tag RAMs. See Figure 2 for 
applications information. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5.0 V or 3.3 V ± 1 0% Power Supplies for Output Buffers 

• Fast Access and Cycle Times: 1 5/20 ns Max 

• Fully Synchronous Operation, Single Clock Control 

• Clock Timed Writes with Asynchronous Late Write Abort 

• Registered Address Inputs 

• Common Data Inputs and Data Outputs 

• Output Enable Controlled Three-State Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 

• High Board Density 300-mil PSOJ Package 


MCM62980 



J PACKAGE 
300-MIL SOJ 
CASE 81 0B 


PIN ASSIGNMENT 

k[ 

1# 

28 

] V CC 

Ao[ 

2 

27 

] A15 

Al[ 

3 

26 

] A14 

A2[ 

4 

25 

] A13 

A3 [ 

5 

24 

] A12 

A4[ 

6 

23 

] All 

A5[ 

7 

22 

] A10 

A6[ 

8 

21 

] V CCQ 

A7 [ 

9 

20 

] V SSQ 

A8[ 

10 

19 

] DQO 

A9[ 

11 

18 

]dqi 

sw[ 

12 

17 

] DQ2 

g[ 

13 

16 

] DQ3 

v sst 

14 

15 

] AW 



PIN NAMES | 

A0-A15 .. 

Address Inputs 

AW 

. Asynchronous Write Strobe 

SW 

. Synchronous Write Enable 

K 

Clock 

G 

Output Enable 

DQ0-DQ3 

Data Input/Output 

v cc 

+ 5 V Power Supply 

V CCQ • • • • 

. Output Buffer Power Supply 

V SSQ • • • • 

Output Buffer Ground 

v ss 

Ground 


All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at al1 times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM62980 


BLOCK DIAGRAM 


ADDRESS 

(A0-A15) 


SW 



TRUTH TABLE (See Note) 


SW 

AW 

G 

Mode 

Supply 

Current 

I/O 

Status 

H 

X 

L 

Read Cycle 

•CC 

Data Out . 

H 

X 

H 

Read Cycle 

•cc 

High-Z 

L 

L 

X 

Write Cycle 

•cc 

High-Z 

L 

H 

X 

Aborted Write Cycle 

•cc 

High-Z 


NOTE: SW and AW satisfy the specified setup and hold times for the rising edge of clock (K). 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = VssQ = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to 7.0 

V 

Voltage Relative to VgsA/sSQ f° r Any Pin Except 
Vqc and Vqqq 

Vin.Vout 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation Ha = 25°C) 

P D 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

- 55 to + 1 25 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High Z at power up. 


AC TEST LOADS 




Figure 1A 


Figure IB 
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M CM 62980 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C c = 5.0 V ± 10%, V CCQ = 5.0 V or 3.3 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V ss = V SSQ = 0 V) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ* 




V 

(5.0 V TTL Compatible) 

4.5 

5.0 

5.5 


(3.3 V 50 Q Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V(H 

2.2 

3.0 

V C C + 0.3 

V 

Input Low Voltage 

V|L 

- 0.5** 

0.0 

0.8 

V 


* V CCQ must be - V CC at 3,1 times, including power up. 
**V|[_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikg(i) 

- 

- 

± 1.0 

^A 

Output Leakage Current (G = Vjh) 

'lkg(O) 

- 

- 

± 1.0 

M^A 

AC Supply Current (Gr= V|h, 

All Inputs = V|(_ = 0.0 V and Vjh > 3 0 y ; 
l ou t = 0 mA, Cycle Times > t|<HKH min )' 

'CCA 


130 

170 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

V 0 L 

— 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

2.4 

- 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ3) 

Gin 

4 

6 

PF 

Input/Output Capacitance (DQ0-DQ3) 

C|/o 

8 

10 

pF 



CAPACITIVE LOAD EQUIVALENT RESISTANCE 

i = C x dV/dt 1 = v out 750 



85 pF load is equivalent to a 50 fit termination 
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MCM62980 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Vqcq = 5.0 V or 3.3 V ± 10%, T A = 0 to + 70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ AND WRITE CYCLE TIMING (See Note 1) 


Parameter 

Symbol 

MCM62980-15 

MCM62980-20 



Min 

Max 

Min 

Max 

Cycle Times: 








Clock High to Clock High 

tKHKH 

15 

— 

20 

— 



Access Times: 








Clock High to Output Valid 

tKHQV 

— 

15 

— 

20 



Output Enable Low Output Valid 

kaLQV 

— 

6 

— 

8 



Aborted Write Cycles: 






ns 

H 

Clock Low to Asynchronous Write Strobe High 

tKLAWH 

— 

0 

— 

0 


B B 

Clock High to Asynchronous Write Strobe Invalid 

*KHAWX 

2 

— 

2 

— 


B B 

Output Buffer Control: 




mm 



Hi 

Output Enable High to Output High-Z 

*GHQZ 




8 



Output Enable Low to Output Low-Z 

tGLQX 



■ 

— 


- B 

Reads: 








Clock High to Output Low-Z after Write 

tKHQXI 




— 



Clock High to Output Invalid 

*KHQX2 



■ 

— 


B B 

Writes: 








Clock High to Output High-Z after Read 

tKHQZ 



mm 

10 


H 

Clock: 



■. . . .. 

■■■ 

■H 

ns 

B B 

Clock High Time 


4 


' ■ 

. H; 


BH 

Clock Low Time 


8 

B 1 


IBB 


B B 

Setup Times: 





B| 

ns 

B B 

Address Valid to Clock High 

*AVKH 




B 


B B 

Synchronous Write Enable Valid to Clock High 

*SWVKH 




wBm 



Writes: 








Data In Valid to Clock High 

*DVKH 






B B 

Asynchronous Write Strobe Low to Clock High 

*AWLKH 


Hi 


bb 


B B 

Hold Times: 



■I 




BB 

Clock High to Address Invalid 

*KHAX 


'V: ... 

2 



bh 

Clock High to Synchronous Write Enable Invalid 

tKHSWX 



2 



B B 

Writes: 








Clock High to Data In Invalid 

tKHDX 



0 



B B 

Clock High to Asynchronous Write Strobe High 

*KHAWH 

2 

■91 

2 

Hi 


Hi 


NOTES: 

1 . This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K). 

2. Into rated load of 85 pF equivalent resistive load (see Figure 1). 

3. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, tj<HQZ is ,ess than tKHQXI and tQHQZ is ,ess than l GLQX for a 9 iven device. 
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MCM62980 



Figure 2. Burstable 64K x 32 Memory Array 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62980 x xx 


Motorola Memory Prefix 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Part Number 


Speed (1 5 = 1 5 ns, 20 = 20 ns) 


Package (J = 300-mil SOJ) 


Full Part Numbers - MCM62980J15 
MCM62980J20 


MCM62980J1 5R2 
MCM62980J20R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

64K x 4 Bit Fast Synchronous 
ParityRam™ 

The MCM62981 is a 262,144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with 
advanced peripheral circuitry consisting of positive edge triggered registers on 
address and synchronous write enable inputs. Asynchronous controls include 
asynchronous write strobes and output enable (G). This device has increased 
output d rive capabil ity supported by multiple power pins. Four asynchronous write 
strobes (AW0-AW3) are provided to allow each bit position to be written 
individually, thereby simplifying the task of supporting byte parity. This x 4 
organized SRAM is ideally suited for parity on 32-bit words. The device is 
functionally similar to the MCM62980 and MCM62990 with the only difference 
being the individual bit write capablilty. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock ( K). W rite cycles are completed 
only if the appropriate asynchronous write strobe (AWx) is asserted within the 
specified setup time of th e follo wing rising edge of clock (K). Write cycles may be 
aborted by ensuring each AWx is negated by the time the clock transitions to the 
low state. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62981 will be available in a 32-pin 300-mil plastic SOJ. 

Applications for this device include parity RAMs for fast data caches. 

• Single 5 V ±1 0% Power Supply 

• Choice of 5.0 V or 3.3 V ±1 0% Power Supplies for Output Buffers 

• Fast Access and Cycle Times: 1 5/20 ns Max 

• Fully Synchronous Operation, Single Clock Control 

• Clock Timed Writes with Asynchronous Late Write Abort 

• Each Bit Position Individually Writeable for Simple Parity Support 

• Registered Address Inputs 

• Common Data Inputs and Data Outputs 

• Output Enable Controlled Three-State Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 


MCM62981 



J PACKAGE 
300-MIL SOJ 
CASE 857 



PIN NAMES | 

A0-A15 .. 

Address Inputs 

AW0-AW3 

Asynchronous Write Strobes 

SW 

. Synchronous Write Enable 

K 

Clock 

G 


DQ0-DQ3 


v cc 

+ 5 V Power Supply 

V CCQ • ■ • • 

. Output Buffer Power Supply 

V SSQ ■ ••• 

Output Buffer Ground 

v ss 

Ground 

NC 

No Connect 


All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at 3,1 times including power up. 


ParityRAM is a trademark of Motorola Inc. 

This document contains information on a new porduct. Specifications and information herein are subject to change without notice. 
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MCM62981 


BLOCK DIAGRAM 



TRUTH TABLE (See Note) 


SW 

AWx 

G 

Mode 

Supply 

Current 

I/O 

Status 

H 

X 

L 

Read Cycle 

! CC 

Data Out 

H 

X 

H 

Read Cycle 

<cc 

High-Z 

L 

L 

X 

Write Cycle 

>cc 

High-Z 

L 

H 

X 

Aborted Write Cycle 

>CC 

High-Z 


NOTE: SW and AWx satisfy the specified setup and hold times for the rising edge of clock (K). 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to Vss = VSSQ = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Voltage Relative to ^SS^SSQ for An y Pin Except 
Vqc and Vqqq 

Virv ^out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

*out 

±20 

mA 

Power Dissipation (T^ = 25°C) 

p D 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High Z at power up. 


AC TEST LOADS 
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MCM62981 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C c = 5.0 V ± 10%, Vqoq = 5.0 V or 3.3 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONPmONS (Voltages referenced to V ss - V SSQ = 0 V) 


Parameter 

EEE5I 

Min 

iyp 

Max 


Supply Voltage (Operating Voltage Range) 

■ 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ 





(5.0 V TTL Compatible) 

4.5 

5.0 

5.5 


(3.3 V 50 £2 Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V| H 

2.2 

3.0 

Vqc + 03 

V 

Input Low Voltage 

V|L 

-0.5* 

0.0 

0.8 

V 


*V|[_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'lkg(l) 

- 

- 

± 1.0 

^IA 

Output Leakage Current (G~= Vjh) 

'lkg(O) 

- 

- 



AC Supply Current (G"= V|n, 

All Inputs = V||_ = 0.0 V and V|(-| > 3 0 v, 
l ou t = 0 nnA, Cycle Times > t^HKH min ) 

'CCA 

■ 




Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

2.4 

— 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ3) 

C in 

4 

6 

PF 

Input/Output Capacitance (DQ0-DQ3) 

c l/0 

8 

10 

PF 



CAPACITIVE LOAD EQUIVALENT RESISTANCE 

i = C x dV/dt l = V out /50 



85 pF load is equivalent to a 50 Q termination 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


REAP AND WRITE CYCLE TIMING (See Note 1) 


Parameter 

Symbol 

MCM62981-15 

MCM62981-20 

Unit 

Notes 

HEM 

BEHI 

BEB 

Max 

Cycle Times: 


■■ 


■■ 




Clock High to Clock High 

*KHKH 


— 

1 

— 



Access Times: 


■ 


■ 


mmm 

mm 

Clock High to Output Valid 


■ 

15 


20 

B 


Output Enable Low Output Valid 



6 


8 

B 


Aborted Write Cycles: 


■■ 




BQBI 

BiB 

Clock Low to Asynchronous Write Strobe High 

*KLAWxH 


0 

— 


B 

B 

Clock High to Asynchronous Write Strobe Invalid 

tKHAWxX 


— 

2 


B B 

B B 

Output Buffer Control: 


■ 






Output Enable High to Output High-Z 

*GHQZ 




8 


3 

Output Enable Low to Output Low-Z 

*GLQX 


B 


— 


3 

Reads: 








Clock High to Output Low-Z after Write 

tKHQXI 

8 

— 

8 

— 


3 

Clock High to Output Invalid 

tKHQX2 


■ 


— 



Writes: 








Clock High to Output High-Z after Read 

tKHQZ 




10 


3 

Clock: 



■ 

IMS 


ns 

B B 

Clock High Time 

*KHKL 

4 


H 



" b 

Clock Low Time 

*KLKH 

8 

i 


bh 


B B 

Setup Times: 



■ 


B| 

ns 

B B 

Address Valid to Clock High 

UVKH 


■ 

3 

B 


B 

Synchronous Write Enable Valid to Clock High 

tSWVKH 



3 



B B 

Writes: 








Data In Valid to Clock High 

*DVKH 



6 



B B 

Asynchronous Write Strobe Low to Clock High 

tAWxLKH 



6 

B9I 


B 1 

Hold Times: 



■j 


B 


B B 

Clock High to Address Invalid 

tKHAX 

2 





B 

Clock High to Synchronous Write Enable Invalid 

tKHSWX 

2 



B 



Writes: 








Clock High to Data In Invalid 

*KHDX 

0 






Clock High to Asynchronous Write Strobe High 

*KHAWxH 

2 

B 


B 


wm 


NOTES: 

1 . This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K). 

2. Into rated load of 85 pF equivalent resistive load (see Figure 1). 

3. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, tj<HQZ is less than *KHQX1 and teHQZ is less than *GLQX for a 9 iven device. 
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MCM62981 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62981 


Motorola Memory Prefix - 
Part Number 


AA 

T. 


• Shipping Method (R2 = Tape & Reel, Blank = Rails) 

■ Speed (15 = 15 ns, 20 = 20 ns) 

■ Package (J = 300-mil SOJ) 


Full Part Number - MCM62981 J1 5 
MCM62981 J20 


MCM62981 J15R2 
MCM62981 J20R2 


MOTOROLA MEMORY DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 

Advance Information 

64K x 4 Bit Fast Synchronous 
Static RAM with Output Registers 

The MCM62982 is a 262,144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with 
advanced peripheral circuitry consisting of positive edge triggered registers on 
address and synchronous write enable inputs and output register^ Asynchronous 
controls consist of asynchronous write strobe and output enable (G). This device 
has increased output drive capability supported by multiple power pins. 

Write cycles ar e dif ferentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock (K). Write cycles are completed 
only if asynchronous write strobe (AW) is asserted within the specified setup time 
of the following rising edge of clock (K). Write cycles may be aborted by negating 
the AW signal prior to the low transition of the clock. 

Read cycle output register operation occurs on the rising edge of clock (K) and 
provides data from the previous clock (K) high in a two cycle pipeline operation. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62982 will be available in a 28-pin 300-mil plastic SOJ. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 1 0% Power Supplies for Output Buffers 

• Fast Access and Cycle Times: 1 2/1 5 ns Max 

• Fully Synchronous Operation, Single Clock Control 

• Clock Timed Writes with Asynchronous Late Write Abort 

• Registered Address Inputs 

• Output Registers for Fully Pipelined Applications 

• Common Data Inputs and Data Outputs 

• Output Enable Controlled Three-State Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 

• High Board Density PSOJ Package 


MCM62982 



PIN ASSIGNMENT 

k[ 

1 • 

28 

] V CC 

Ao[ 

2 

27 

] A15 

Alt 

3 

26 

] A14 

A2[ 

4 

25 

] A13 

A3[ 

5 

24 

] A12 

A4 [ 

6 

23 

] All 

A5[ 

7 

22 

] A10 

A6 [ 

8 

21 

3 V CCQ 

A7[ 

9 

20 

3 V SSQ 

A8 [ 

10 

19 

] DQO 

A9[ 

11 

18 

] DQ1 

sw[ 

12 

17 

] DQ2 

g[ 

13 

16 

] DQ3 

v sst 

14 

15 

] AW 



PIN NAMES | 

A0-A15 .. 

Address Inputs 

AW 

. Asynchronous Write Strobe 

SW 

. Synchronous Write Enable 

K 

Clock 

G 

Output Enable 

DQ0-DQ3 

Data Input/Output 

Vcc 

+ 5 V Power Supply 

V CCQ ■ • ■ ■ 

. Output Buffer Power Supply 

V SSQ 

Output Buffer Ground 

v ss 

Ground 


All power supply and ground pins must be 
connected for proper operation of the device. 
Vqq > Vqqq at all times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM62982 


BLOCK DIAGRAM 



TRUTH TABLE (See Note) 


SW 

AW 

G 

Mode 

Supply 

Current 

I/O 

Status 

H 

X 

L 

Read Cycle 

'cc 

Data Out 

H 

X 

H 

Read Cycle 

'cc 

High-Z 

L 

L 

X 

Write Cycle 

'cc 

High-Z 

L 

H 

X 

Aborted Write Cycle 

'cc 

High-Z 


NOTE: SW and AW satisfy the specified setup and hold times for the rising edge of clock (K). 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V ss = V SSQ = 0 V, See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to 7.0 

V 

Voltage Relative to Vgs/VsSQ for ^ xce P t 

Vqc and Vqqq 

=3 

O 

> 

C 

> 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T/\ = 25°C) 

Pd 

1.0 

W 

Temperature Under Bias 

T bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 


AC TEST LOADS 
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MCM62982 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Vcc = 5.0 V ± 10%, V CCQ = 5.0 V or 3.3 V ± 10%, T A = 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V S s = VssQ 

0 to +70°C, 

= 0 V) 

Unless Otherwise Noted) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ* 




V 

(5.0 V TTL Compatible) 


4.5 

5.0 

5.5 


(3.3 V 50 Q Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V| H 

2.2 

3.0 

V C C+°-3 

V 

Input Low Voltage 

V|L 

-0.5** 

0.0 

0.8 

V 


* V CCQ must be - V CC at 3,1 times, including power up. 
**V|l (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 



Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikg(i) 

- 

- 

±1.0 

JIA 

Output Leakage Current (G~= V|h) 

'ikg(O) 

- 

- 

±1.0 

|HA 

AC Supply Current (G"= Vjh, 

All Inputs = V||_ = 0.0 V and Vjh > 3.0 V, 
l ou t = 0 mA, Cycle Times > t^HKH min ) 

*CCA 


150 

170 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

2.4 

- 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ3) 

c in 

4 

6 

PF 

Input/Output Capacitance (DQ0-DQ3) 

C |/0 

8 

10 

PF 


CAPACITIVE LOAD EQUIVALENT RESISTANCE 


i = C x dV/dt ! = V out /50 



85 pF load is equivalent to a 50 ft termination 
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MCM62982 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C c - 5.0 V ± 10%, Vqcq = 5.0 V or 3.3 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


REAP AND WRITE CYCLE TIMING (See Note 1) 


Parameter 

Symbol 



PI 




BW 

wm 

Cycle Times: 








Clock High to Clock High 

*KHKH 

12 

— 

15 

— 

■■ 


Access Times: 






ns 


Clock High to Output Valid 

*KHQV 

■ 

8 

;' r , B 

10 


2 

Output Enable Low Output Valid 

tGLQV 

■ 

6 


6 


2 

Aborted Write Cycles: 


■i 




ns 

B 

Clock Low to Asynchronous Write Strobe High 

tKLAWH 


0 

— 

0 


B B 

Clock High to Asynchronous Write Strobe Invalid 

*KHAWX 


— 

2 

— 



Output Buffer Control: 








Output Enable High to Output High-Z 

tGHQZ 

0 

6 

2 

6 


3 

Output Enable Low to Output Low-Z 

IGLQX 

0 

— 

2 

— 


3 

Reads: 








Clock High to Output Low-Z after Write 

1KHQX1 

4 

— 

4 

— 


3 

Clock High to Output Invalid 

tKHQX2 

5 

— 

5 

— 



Writes: 








Clock High to Output High-Z after Read 

tKHQZ 

3 

8 

3 

10 


3 

Clock: 



■HB 


■mi 

ns 

B B 

Clock High Time 

tKHKL 

3 


4 



B B 

Clock Low Time 

iKLKH 

8 

■ 

8 




Setup Times: 



■1 


■ 

ns 

B ■ 

Address Valid to Clock High 

t A VKH 






■ 

Synchronous Write Enable Valid to Clock High 

tSWVKH 


■ 




■ 

Writes: 








Data In Valid to Clock High 

iDVKH 


B 


B 


9 B 

Asynchronous Write Strobe Low to Clock High 

tAWLKH 


■ 




IHb 

Hold Times: 



■ 


B 

ns 

mm 

Clock High to Address Invalid 

l KHAX 


B 

2 




Clock High to Synchronous Write Enable Invalid 

tKHSWX 


B 

2 

B 


J ■[ m 

Writes: 








Clock High to Data In Invalid 

l KHDX 



0 

B ^ 



Clock High to Asynchronous Write Strobe High 

*KHAWH 


B 

2 

ia^B 


■ ■ 


NOTES: 

1 . This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K). 


2. Into rated load of 85 pF equivalent resistive load (see Figure 1). 

3. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, t^HOZ is less than tKHQXI and *GHQZ is less than kaLQX for a given device. 
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MCM62982 


READ AND WRITE CYCLES 




ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62982 

Motorola Memory Prefix 

Part Number 


XX XX 


T. 


Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Speed (12 = 12 ns, 15 « 15 ns) 


Package (J = 300-mil SOJ) 


Full Part Numbers - MCM62982J12 MCM62982J12R2 

MCM62982J15 MCM62982J15R2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

64K x 4 Bit Fast Synchronous 
ParityRAM™ with Output Registers 

The MCM62983 is a 262,144 bit synchronous static random access memory 
organized as 65,536 words of 4 bits, fabricated using Motorola’s high-performance 
silicon-gate CMOS technology. The device integrates a 64K x 4 SRAM core with 
advanced peripheral circuitry consisting of positive edge triggered registers on 
address and synchronous write enable inputs. Asynchronous controls include 
asynchronous write strobes and output enable (G). This device has increased 
output d rive capabil ity supported by multiple power pins. Four asynchronous write 
strobes (AW0-AW3) are provided to allow each bit position to be written 
individually, thereby simplifying the task of supporting byte parity. This x 4 
organized SRAM is ideally suited for parity on 32-bit words. The device is 
functionally similar to the MCM62982 with the only difference being the individual 
bit write capability. 

Write cycles are differentiated from read cycles by the state of the synchronous 
write enable pin (SW) at the rising edge of clock ( K). W rite cycles are completed 
only if the appropriate asynchronous write strobe (AWx) is asserted within the 
specified setup time of th e follo wing rising edge of clock (K). Write cycles may be 
aborted by ensuring each AWx is negated by the time the clock transitions to the 
low state. 

Read cycle output register operation occurs on the rising edge of clock (K) and 
provides data from the previous clock (K) high in a two-cycle pipeline operation. 

Additional power supply pins have been utilized and placed on the package for 
maximum performance. In addition one set of power pins is electrically isolated 
from the other set and supplies power only to the output buffers. This allows 
connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V output 
levels are chosen, the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet effective 
transmission line terminations to be achieved. 

The MCM62983 will be available initially in a 32-pin 300-mil plastic SOJ followed 
by a 300-mil 32-pin plastic DIP. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 1 0% Power Supplies for Output Level Buffers 

• Fast Access and Cycle Times: 1 2/1 5 ns Max 

• Fully Synchronous Operation, Single Clock Control 

• Clock Timed Writes with Asynchronous Late Write Abort 

• Each Bit Position Individually Writeable for Simple Parity Support 

• Registered Address Inputs 

• Output Registers for Fully Pipelined Applications 

• Common Data Inputs and Data Outputs 

• Output Enable Controlled Three-State Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 

• High Board Density PSOJ Package 


MCM62983 



PIN ASSIGNMENT 

K[ 

1# 

32 

] V CC 

AO [ 

2 

31 

] A15 

Alt 

3 

30 

] A14 

A2 [ 

4 

29 

] A13 

A3 [ 

5 

28 

] A12 

A4 [ 

6 

27 

] All 

A5 [ 

7 

26 

] A10 

A6 [ 

8 

25 

] V CCQ 

A7 [ 

9 

24 

] V SSQ 

A8 [ 

10 

23 

] DQ0 

A9 [ 

11 

22 

] DQ1 

SW [ 

12 

21 

] DQ2 

g[ 

13 

20 

] DQ3 

v sst 

14 

19 

] AW3 

NC [ 

15 

18 

] AW2 

AWO [ 

16 

17 

] AWT 


PIN NAMES i 

A0-A15 .. 

Address Inputs 

AW0-AW3 

Asynchronous Write Strobes 

SW 

. Synchronous Write Enable 

K 

Clock 

G 

Output Enable 

DQ0-DQ3 

Data Input/Output 

v cc 

+ 5 V Power Supply 

V CCQ 

. Output Buffer Power Supply 

V SSQ • • • • 

Output Buffer Ground 

Vss 

Ground 

NC 

No Connect 


All power supply and ground pins must be 
connected for proper operation of the device. 
Vcc ^ V CCQ at al1 times including power up. 


ParityRAM is a trademark of Motorola Inc. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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M CM 62983 


BLOCK DIAGRAM 



TRUTH TABLE (See Note) 


SW 

AWx 

G 

Mode 

Supply 

Current 

I/O 

Status 

H 

X 

L 

Read Cycle 

>cc 

Data Out 

H 

X 

H 

Read Cycle 

•cc 

High-Z 

L 

L 

X 

Write Cycle 

•cc 

High-Z 

L 

H 

X 

Aborted Write Cycle 

•cc 

High-Z 


NOTE: SW and AWx satisfy the specified setup and hold times for the rising edge of clock (K). 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = VSSQ = 0 V, See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to 7.0 

V 

Voltage Relative to Vqq/Vqqq for Any Pin Except 
Vqc and Vqcq 

Vjn> ^out 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation 0 a=25°C) 

PD 

1.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

- 55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 


AC TEST LOADS 

Figure 1 A Figure IB 
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MCM62983 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Vqcq = 5.0 V or 3.3 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V S s = VSSQ = 0 v ) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

Vcc 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ* 




V 

(5.0 V TTL Compatible) 


4.5 




(3.3 V 50Q Compatible) 


3.0 


■ESI 


Input High Voltage 

V| H 

2.2 



V 

Input Low Voltage 

V|L 

- 0.5** 

0.0 

OO 

o 

V 


* V CCQ must be - V CC at al1 times, including power up. 
**V||_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 



Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikgO) 

- 

- 

±1.0 

JLIA 

Output Leakage Current (G~= Vm) 

'iKg(O) 

- 

- 

±1 .0 

MA 

AC Supply Current (Gr= Vjh, 

All Inputs = V| L = 0.0 V and V| H > 3.0 V, 
l 0 ut = 0 mA, Cycle Times > t^HKH min ) 

'CCA 





Output Low Voltage (Iol = + 8 0 mA ) 

V 0 L 

— 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

2.4 

- 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

BS 

Max 


Input Capacitance (All Pins Except DQ0 - DQ3) 

c in 

4 

6 

PF 

Input/Output Capacitance (DQ0 - DQ3) 

c l/0 

8 

10 

pF 


CAPACITIVE LOAD EQUIVALENT RESISTANCE 

i = C x dV/dt l = V out /50 



85 pF load is equivalent to a 50 O termination 


MOTOROLA MEMORY DATA 


7-210 
















MCM62983 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


REAP AND WRITE CYCLE TIMING (See Note 1) 


Parameter 

0| 



Unit 

Notes 

EM 

eeb 

EM 

ESB 

Cycle Times: 


Ml 




ns 


Clock High to Clock High 


■ 

— 

15 

— 



Access Times: 






ns 

u m 

Clock High to Output Valid 



8 

— 

10 



Output Enable Low Output Valid 



6 

— 

6 


HSH 

Aborted Write Cycles: 


■ 




ns 

■ 

Clock Low to Asynchronous Write Strobe High 



0 

— 

0 


H H 

Clock High to Asynchronous Write Strobe Invalid 


id 

— 

2 

— 



Output Buffer Control: 


■■ 


■■ 




Output Enable High to Output High-Z 

kaHQZ 




6 



Output Enable Low to Output Low-Z 

tGLQX 

: » < ■ 



— 


■ 

Reads: 




■ 




Clock High to Output Low-Z after Write 

*KHQX1 



1 1 

— 


BK 

Clock High to Output Invalid 

t KHQX2 

5 

— 

5 

— 



Writes: 








Clock High to Output High-Z after Read 

*KHQZ 

3 

8 

3 

10 



Clock: 



■ 





Clock High Time 

tKHKL 



4 



■ 

Clock Low Time 

tKLKH 


n 

8 




Setup Times: 



■ 



ns 


Address Valid to Clock High 

*AVKH 







Synchronous Write Enable Valid to Clock High 

1SWVKH 



KM 

H 



Writes: 








Data In Valid to Clock High 

*DVKH 







Asynchronous Write Strobe Low to Clock High 

tAWxLKH 







Hold Times: 





m 


■ 

Clock High to Address Invalid 

*KHAX 

2 

— 





Clock High to Synchronous Write Enable Invalid 

*KHSWX 

2 

— 




1 

Writes: 








Clock High to Data In Invalid 

*KHDX 

0 

— 


M 



Clock High to Asynchronous Write Strobe High 

*KHAWxH 

2 

— 






NOTES: 

1 . This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K). 

2. Into rated load of 85 pF equivalent resistive load (see Figure 1 ). 

3. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, tKHQZ is * ess than tKHQXI and kaHQZ is less than tGLQX for a 9 iven device. 
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M CM 62983 


READ AND WRITE CYCLES 



ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62983 x 


Motorola Memory Prefix 


XX 



Shipping Method (R2 = Tape & Reel, Blank = Rails) 


Part Number 


Speed (12 = 12 ns, 15 = 15 ns) 


Package (J = 300-mil SOJ) 


Full Part Number - MCM62983J1 2 MCM62983J1 2R2 

MCM62983J15 MCM62983J15R2 


MOTOROLA MEMORY DATA 


7-212 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

16K x 16 Bit Fast Synchronous 
Static RAM 

The MCM62990 is a 262,144 bit synchronous static random access memory 
organized as 16,384 words of 16 bits, fabricated using Motorola’s 
high-performance silicon-gate CMOS technology. The device integrates a 16K x 16 
SRAM core with advanced peripheral circuitry. Inputs to the device fall into two 
categories: synchronous and asynchronous. All synchronous inputs pass through 
positive-edge-triggered registers controlled by a single clock input (K). The 
synchronous inputs include all addresses, the two chip enables (SE and SE), and 
the synchronous write enable (SW). 

Asy nchr onous inputs include the asynchronous byte write strobes 
(AWL and AWH), output enable (G), data (DQ0-DQ15), data latch 
enable (DL), and the clock (K). Input data can be asynchronously 
latched by DL to provide simplified data-in timings during write cycles. 

Address and write control are registered on-c hip which greatly DQg 

simplifies write cycles. Dual write strobes (AW L and AWH) are DQg 

provided to allow individually w riteabl e bytes. AWL controls 
DQ0-DQ7, the lower bits while AWH controls DQ8-DQ1 5, the V CCQ 

upper bits. In addition, the AWs allow late write cycles to be aborted V SSC 

if they are “false” during the low period of the clock. Dual chip DQ1C 

enables (SE and SE) are provided allowing address decoding to be DQ11 

accomplished on-chip when the device is used in a dual bank mode. 0 Q12 

An input data latch is provided. When data latch enable (DL) is 
high the data latches are in the transparent state. When DL is low ^ " 

the data latches are in the latched state. This data input latch V SSC 

simplifies write cycles by guaranteeing data hold time in a simple Vqq( 

fashion. DQ14 

Additional power supply pins have been utilized and placed on the DQ15 
package for maximum performance. In addition one set of power NC 

pins is electrically isolated from the other two and supplies power 
only to the output buffers. This allows connecting the output buffers 
to 3.3 V instead of 5.0 V if desired. If 3.3 V output levels are chosen, 
the output buffer impedance in the “high” state is approximately 
equal to the impedance in the “low” state which allows simple yet 
effective transmission line terminations to be achieved. 

The MCM62990 will be available in a 52-pin plastic leaded chip 
carrier (PLCC). 

Typical applications for this device are cache memory and tag 
RAMs, memory in systems which are pipelined and systems which 
require wide data bus widths and reduced parts count. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V Power Supplies for Output Buffers 

• Fast Access and Cycle Times: 1 7/20/25 ns Max 

• Byte Writeable via Dual Write Strobes with Abort Write Capability 

• Separate Data Input Latch for Simplified Write Cycles 

• Clock Controlled Registered Address, Write Control, and Dual Chip Enables 

• Common Data Inputs and Data Outputs 

• Output Enable Controlled Three-State Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 

• High Board Density 52-Lead PLCC Package 


MCM62990 




FN PACKAGE 
PLASTIC 
CASE 778 


PIN ASSIGNMENT 



]SV 

]9V 

]ZV 

u u u □ u C-l C-l — 

cn o 't n cnj i— o 

m o < < < < < 

PIN NAMES | 

A0-A13 

Address Inputs 

K 

Clock Input 

DL .... 

Data Latch Enable 

SW ... 

Synchronous Write Enable 

AWL .. 

Lower Byte Async Write Strobe 

AWH .. 

Upper Byte Async Write Strobe 

SE .... 

Synchronous Chip Enable 

SE .... 

Synchronous Chip Enable 

G 

. . Asynchronous Output Enable 

DQ0-DQ15 Data Input/Output 

V CC •• 

+ 5 V Power Supply 

V CCQ • 

. . . Output Buffer Power Supply 

V SSQ ■ 

Output Buffer Ground 

Vqq 

Ground 

NC . . . . 

No Connect 



All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at 3,1 times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM62990 


BLOCK DIAGRAM 


ADDRESS 

(A0-A13) 


SE 

SE 


SW 

K 



TRUTH TABLE (See Notes) 


SEs 

SW 

AWL 

AWH 

DL 

G 

Mode 

Supply 

Current 

I/O 

Status 

F 

X 

X 

X 

X 

X 

Deselected Cycle 

'SB 

High-Z 

T 

H 

X 

X 

X 

H 

Read Cycle 

•cc 

High-Z 

T 

H 

X 

X 

X 

L 

Read Cycle 

•cc 

Data Out 

T 

L 

L 

L 

H 

X 

Write Cycle All Bits 
Transparent Data In 

•cc 

High-Z 

T 

L 

H 

H 

X 

X 

Aborted Write Cycle 

'cc 

High-Z 

T 

L 

L 

H 

H 

X 

Write Cycle Lower 8 Bits 
Transparent Data In 

! CC 

High-Z 

T 

L 

H 

L 

L 

X 

Write Cycle Upper 8 Bits 
Latched Data In 

•cc 

High-Z 


NOTES: 

1 . X means don’t care. True (T) i s SE = 1 and SE[= 0. 

2. Registered inputs (addresses, SW, SE, and SE) satisfy the specified setup and hold times about 
the rising edge of clock (K). Data-in satisfies the specified setup and hold times for DL. 

3. A transparent write cycle is defined by DL high during the write cycle. 

4. A latched write cycle is defined by DL transitioning low during the write cycle and satisfying the 
specified setup and hold times. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that 
normal precautions be taken to 
avoid application of any voltage 
higher than maximum rated voltages 
to this high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables, 
after thermal equilibrium has been 
established. 

This device contains circuitry that 
will ensure the output devices are in 
High Z at power up. 


ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = VsSQ = 0 v ) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

- 0.5 to 7.0 V 

V 

Voltage Relative to Vgg/VssQ for Any Pin Except 
Vqc and Vqqq 

< 

5 

< 

o 

c 

- 0.5 to Vqc + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T^ = 70°C) 

Pd 

2.0 

W 

Temperature Under Bias 

"•"bias 

- 1 0 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 
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MCM62990 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

( V CC = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V S S = VSSQ = 0 v ) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ* 




V 

(5.0 V TTL Compatible) 


4.5 

5.0 

5.5 


(3.3 V 50 H Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V|H 

2.2 

3.0 

V C C + 0.3 

V 

Input Low Voltage 

V|L 

-0.5** 

0.0 

0.8 

V 


* V CCQ must be - V CC at al1 times, including power up. 
**V|j_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'iKg(i) 

- 

- 

±1.0 

MA 

Output Leakage Current (G = Vjh) 

'tkg(O) 

- 

- 

±1 .0 

MA 

AC Supply Current (G = Vjh, All Inputs = V|i_ or Vjh, Vjl = 0.0 V and Vjh ^ 3.0 V, 

•CCA 




mA 

■out - 0 mA, Cycle Time > tj<HKH min ) MCM62990-17: t^HKH = 17 ns 



310 

360 


MCM62990-20: ti<HKH = 20 ns 


— 

290 

360 


MCM62990-25: t«HKH = 25 ns 


— 

280 

360 


Standby Current (E = Vjh, E = V||_, All Inputs = Vjl or Vm 

'SB 

— 


80 

mA 

V|{_ = 0.0 V and Vjh ^ 3.0 V, l 0U | = 0 mA, Cycle Time >’tj<HKH min ) 






Output Low Voltage (Iql = + 8.0 mA) 

v OL 

- 

- 

0.4 

V 

Output High Voltage (Iqh = ~ 4 -0 mA) 

v OH 

2.4 

- 

- 

V 



CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 


Input Capacitance (All Pins Except DQ0-DQ15) 

C in 

4 

6 

pF 

Input/Output Capacitance (DQ0-DQ15) 

c l/0 

8 

10 

pF 


CAPACITIVE LOAD EQUIVALENT RESISTANCE 


i = C x dV/dt l = V out /50 



85 pF load is equivalent to a 50 Q termination 
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MCM62990 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, T^ = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1.5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ AND WRITE CYCLE TIMING (See Notes 1 and 2) 


Parameter 

Symbol 

MCM62990-17 

MCM62990-20 

MCM62990-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Cycle Times 

*KHKH 

17 

— 

20 

— 

25 

— 

ns 


Clock High to Clock High 










Access Times 








ns 


Clock High to Output Valid 

tKHQV 

— 

17 

— 

20 

— 

25 


3 

Output Enable Low to Output Valid 

tGLQV 

— 

6 


8 

— 

10 


3 

Aborted Write Cycles 








ns 


Clock Low to Asynchronous Write Strobes 

tKLAWxH 

— 

0 

— 

0 

— 

0 



(AWL, AWH) High 










Clock High to AWx Invalid 

tKHAWxL 

2 

— 

2 

— 

2 

— 



Output Buffer Control 








ns 


Asynchronous Output Enable (G) High to 

tGHQZ 

2 

6 

2 

8 

2 

10 


4 

Output High Z 










G Low to Output Low Z 

tGLQX 

2 

— 

2 

— 

2 

— 


4 

Reads: 










Clock (K) High to Output Low Z After 

tKHQXI 

8 

— 

8 

— 

8 

— 


4 

Deselect or Write 










Data Out Hold After Clock High 

t KHQX2 

5 

— 

5 

— 

5 

— 



Writes: 










K High to Output High Z After Read 

tKHQZ 

3 

10 

3 

10 

3 

12 


4 

Clock 








ns 


Clock High Time 

tKHKL 

4 

— 

4 

' — 

4 

— 



Clock Low Time 

*KLKH 

8 

— 

10 

— 

10 

— 



Setup Time 








ns 


Address Valid to Clock High 

*AVKH 

3 

— 

3 

— 

3 

— 


5 

Synchronous Write (SW) Valid to Clock High 

tSWVKH 

3 

— 

3 

— 

3 

— 


5 

Synchronous Enables (SE, SE) Valid to Clock 

*SEVKH 

3 

— 

3 

— 

3 

— 


5 

High 

Writes: 










Data-In Valid to CLock High 

tDVKH 

6 

— 

6 

— 

7 

— 


1,5 

AWL, AWH Low to Clock High 

*AWxLKH 

6 

— 

6 

— 

7 

— 


5 

Data Latch: 










Data-In Valid to DL Low 

tDVDLL 

2 

— 

2 

— 

2 

— 


2,5 

Hold Times 








ns 


Clock High to Address Invalid 

*KHAX 

2 

— 

2 

— 

2 

— 


5 

Clock High to SW Invalid 

tKHSWX 

3 

— 

3 

— 

3 

— 


5 

Clock High to SE, SE Invalid 

*KHSEX 

3 

— 

3 

— 

3 

— 


5 

Writes: 










Clock High to Data-In Invalid 

tKHDX 

2 

— 

2 

— 

2 

— 


1,5 

Clock High to AWL, AWH High 

tKHAWxH 

2 

— 

2 

— 

2 

— 


5 

Clock High to DL High 

*KHDLH 

2 

— 

2 

— 

2 

— 


2,5 

Data Latch: 










DL Low to Data-In Invalid 

tDLLDX 

2 

— 

2 

— 

2 

— 


2,5 

DL High to Clock High 

tDLHKH 

6 

. — 

6 

— 

7 

— 


2,5 


NOTES: 

1 . A transparent write cycle is defined by DL high during the write cycle. 

2. A latched write cycle is defined by DL transitioning low during the write cycle and satisfying the specified hold time for the rising edge of clock 
(K). 

3. Into rated load of 85 pF equivalent resistive load (see Figure 1 A). 

4. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, t«HQZ is ,ess than *KHQX and kaHQZ is ,ess than *GLQX for a 9 iven device. 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for ALL rising 
edges of clock (K) or falling edges of data latch enable (DL). 
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MCM62990 


READ CYCLES 



READ — UNLATCHED WRITE — READ CYCLES 



AWH, AWL 



r*-""r tKHAWxH 
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MCM62990 


WRITE CYCLES 


K 

ADDRESS 

SW 

AWL, awh 


DL 

DATA IN 


DATA OUT 


G 


7 


AC TEST LOADS 



Figure 1 A Figure IB 


ORDERING INFORMATION 
(Order by Full Part Number) 

MCM 62990 xx xx 



Full Part Number -MCM62990FN1 7 MCM62990FN20 MCM62990FN25) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

16K x 16 Bit Fast Synchronous 
Static RAM 

The MCM62990A is a 262,144 bit synchronous static random access memory organized as 
1 6,384 words of 1 6 bits, fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. The device integrates a 16K x 16 SRAM core with advanced peripheral circuitry. 
Inputs to the device fall into two categories: synchronous and asynchronous. All synchronous 
inputs pass through positive-edge-triggered registers controlled by a single clock input (K). The 
synchronous inputs include all addresses, the two chip enables (SE and SE), and the synchro- 
nous write enable (SW). 

Asy nchronous inputsjnclude the asynchronous byte write strobes (AWL and 



AWH), output enable (G), data (DQ0-DQ15), data latch enable (DL), and the clock 
(K). Input data can be asynchronously latched by DL to provide simplified data-in 
timings during write cycles. 


PIN ASSIGNMENT 


Address and write contr ol are regi stered on-chip which greatly simplifies write 
cycles. Dual writ e stro bes (AWL and AWH) are provided to allo w indi vidually 
writeable bytes. AWL controls DQ0-DQ7, the lower bits, while AWH controls 
DQ8-DQ15, the upper bits. In addition, the AWs allow late write cycles to be 
aborted iHhey are “false” during the low period of the clock. Dual chip enables 
(SE and SE) are provided allowing address decoding to be accomplished 
on-chip when the device is used in a dual bank mode. 

An input data latch is provided. When data latch enable (DL) is high the data 
latches are in the transparent state. When DL is low the data latches are in the 
latched state. This data input latch simplifies write cycles by guaranteeing data 
hold time in a simple fashion. 

Additional power supply pins have been utilized and placed on the package 
for maximum performance. In addition one set of power pins is electrically iso- 
lated from the other two and supplies power only to the output buffers. This 
allows connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 3.3 V 
output levels are chosen, the output buffer impedance in the “high” state is ap- 
proximately equal to the impedance in the “low” state which allows simple yet 
effective transmission line terminations to be achieved. 

The MCM62990A will be available in a 52-pin plastic leaded chip carrier 
(PLCC). 



Typical applications for this device are cache memory and tag RAMs, 


memory in systems which are pipelined and systems which require wide data 
bus widths and reduced parts count. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V Power Supplies for Output Buffers 

• Fast Access Times: 1 2/1 5/20/25 ns Max 

• Byte Writeable via Dual Write Strobes with Abort Write Capability 

• Separate Data Input Latch for Simplified Write Cycles 

• Clock Controlled Registered Address, Write Control, and Dual Chip Enables 

• Common Data Inputs and Data Outputs 

• Output Enable Controlled Three-State Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 

• High Board Density 52-Lead PLCC Package 


| PIN NAMES | 

A0-A13 

Address Inputs 

K 

Clock Input 

DL .... 

Data Latch Enable 

SW ... 

Synchronous Write Enable 

AWL .. 

Lower Byte Async Write Strobe 

AWH .. 

Upper Byte Async Write Strobe 

SE . . . . 

Synchronous Chip Enable 

SE . . . . 

Synchronous Chip Enable 

G 

. . Asynchronous Output Enable 

DQ0-DQ15 Data Input/Output 

V CC •• 

+ 5 V Power Supply 

V CCQ • 

. . . Output Buffer Power Supply 

V SSQ • 

Output Buffer Ground 

Vqq 

Ground 

NC .... 

No Connect 


All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at a *l times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MCM62990A 


BLOCK DIAGRAM 



TRUTH TABLE (See Notes) 


SEs 

SW 

AWL 

AWH 

DL 

G 


Supply 

Current 

I/O 

Status 

F 

X 

X 

X 

X 

X 

Deselected Cycle 

'SB 

High-Z 

T 

H 

X 

X 

X 

H 

Read Cycle 

'cc 

High-Z 

T 

H 

X 

X 

X 

L 

Read Cycle 

'cc 

Data Out 

T 

L 

L 

L 

H 

X 

Write Cycle All Bits 
Transparent Data In 

•cc 

High-Z 

T 

L 

H 

H 

X 

X 

Aborted Write Cycle 

•cc 

High-Z 

T 

L 

L 

H 

H 

X 

Write Cycle Lower 8 Bits 
Transparent Data In 

•cc 

High-Z 

T 

L 

H 

L 

L 

X 

Write Cycle Upper 

8 Bits Latched Data In 

•cc 

High-Z 


N0TES: __ 

1 . True (T) is SE = 1 and SE = 0. 

2. Registered inputs (Addresses, SW, SE, and SE) satisfy the specified setup and hold 
times about the rising edge of clock (K). Data-in satisfies the specified setup and hold 
times for DL. 

3. A transparent write cycle is defined by DL high during the write cycle. 

4. A latched write cycle is defined by DL transitioning low during the write cycle and sat- 
isfying the specified setup and hold times. 
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MCM62990A 


ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vqs = V SSQ = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to + 7.0 

V 

Voltage Relative to VsS^SSQ * or An y 

Pin Except Vqq and Vqqq 

Yn> ^out 

- 0.5 to 

Vqq + 0.5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T A = 70°C) 

Pd 

2.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

Istg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal pre- 
cautions be taken to avoid application of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. 

This CMOS memory circuit has been 
designed to meet the dc and ac specifi- 
cations shown in the tables, after ther- 
mal equilibrium has been established. 

This device contains circuitry that will 
ensure the output devices are in High-Z 
at power up. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Voc = V CCQ = 5 -° v ±10%, T A = 0to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vgs = V SSQ = 0 v ) 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC** 

5.0 

4.5 

5.5 

V 

Output Buffer Supply Voltage (5.0 V TTL Compatible) 

V CCQ 

5.0 

4.5 

5.5 

V 

(3.3 V 50 Q Compatible) 


3.3 

3.0 

3.6 


Input High Voltage 

V| H 

3.0 

2.2 

Vqq + 0.3 

V 

Input Low Voltage 

V|L 

0.0 

-0.5* 

0.8 

V 


* V|[_(min) = - 3.0 V ac (pulse width < 20 ns) 

**v cc must be > Vqqq at all times, including power up. 


DC CHARACTERISTICS 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, V-, n = 0 to Vqq) 

llkg(l) 

— 

— 

±1.0 

pA 

Output Leakage Current (G = V||_|) 

'lkg(O). 

— 

— 

±1.0 

pA 

AC Supply Current (G = Vjh, l 0 ut = 0 mA > Ail Inputs = V|j_ or V|h, 

*CCA12 

310 

— 


mA 

Vjl = 0.0 V and Vm > 3.0 V, Cycle Time > t«HKH min ) 

•CCA15 

300 

— 




•CCA20 

290 

— 




•CCA25 

280 

— 

360 


Standby Current (E = V|h, E = V|i_, l out = 0 mA, All Inputs = Vji_ and V|(_| 

•SB 

50 

— 

70 

mA 

V|i_ = 0.0 V and V|h > 3.0 V, Cycle Time > tj<HKH min ) 

l 





Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

v OH 

— 

2.4 

— 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ15) 

c in 

4 

6 

PF 

Input/Output Capacitance (DQ0-DQ1 5) 

c out 

8 

10 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C c = 5.0 V ±1 0%, Vqcq = 3.3 V or 5.0 V ±1 0%, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ CYCLE TIMING (See Notes 2 and 3) 


Parameter 

Symbol 



MCM62990A-20 

MCM62990A-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Cycle Times 

tKHKH 


— 

15 


20 

— 

25 

m 

ns 


Clock High to Clock High 












Access Times 





■ ■ 




■ 


B 

Clock High to Output Valid 

*KHQV 

— 

12 


1 s 

_ 

20 


8 


B 

Output Enable Low to Output Valid 

tGLQV 

— 

5 

|d 

U 

— 

8 

pill 

KS 


B 

Aborted Write Cycles 









■ 


B 

Clock Low to Asynchronous Write 

tKLAWxH 

— 

0 

— 

1 I 

— 


— 

y 


B 

Strobes (AWL, AWH) High 











B 

Clock High to AWx Invalid 

*KHAWxL 

2 

— 

2 

d 

2 

B 

2 



B 

Output Buffer Control 












Asynchronous Output Enable (G) High to 

kBHQZ 

2 

5 


8 

2 

8 


10 


i 

Output High Z 












G Low to Output Low Z 

kaLQX 

2 



— 

2 

— 




i 

Reads: 



■ 









Clock (K) High to Output Low Z After De* 

*KHQX1 

8 


8 

— 

8 

— 


■ - . . 


i 

select or Write 



■ 









Data Out Hold After Clock High 

*KHQX2 

5 




5 

— 




5 

Writes: 












K High to Output High Z After Read 

*KHQZ 

3 

10 



3 

10 




1 

Clock 





■ 

■ 

|d| 

■ ■ 

■ ■ 

ns 

B ■ 

Clock High Time 

tKHKL 



4 




B^ 




Clock Low Time 

l KLKH 


B 

10 



B 


B 


B 

Setup Times 










ns 


Address Valid to Clock High 

*AVKH 

3 

— 

3 

— 

3 

— 

3 

— 


5 

Synchronous Write (SW) Valid to Clock 

*SWVKH 

3 

— 

3 

— 

3 

— 

3 

__ 


5 

High 

tSEVKH 

3 

— 

3 

— 

3 

— 

3 

— 


5 

Synchronous Enables (SE, SE) Valid to 












Clock High 












Writes: 

tDVKH 

4 

— 

6 

— 

6 

— 

7 

— 


2,5 

Data-In Valid to Clock High 

tAWxLKH 

6 

— 

6 

— 

6 

— 

7 

— 


5 

AWL, AWH Low to Clock High 












Data Latch: 

*DVDLL 

2 

— 

2 

__ 

2 

— 

2 

— 


3,5 

Data-In Valid to DL Low 












Hold Times 










ns 


Clock High to Address Invalid 

*KHAX 

2 

— 

2 

— 

2 

— 

2 

— 


5 

Clock High to SW Invalid 

tKHSWX 

3 

— 

3 

— 

3 

— 

3 

— 


5 

Clock High to SE, SE Invalid 

tKHSEX 

3 

— 

3 

— 

3 

— 

3 

— 


5 

Writes: 












Clock High to Data-In Invalid 

*KHDX 

2 

— 

2 

— 

2 

— 

2 

— 


2,5 

Clock High to AWL, AWH High 

tKHAWxH 

2 

— 

2 



2 

— 

2 

— 


5 

Clock High to DL High 

tKHDLH 

2 

— 

2 

— 

2 

— 

2 

— 


3,5 

Data Latch: 












DL Low to Data-In Invalid 

tDLLDX 

2 

— 

2 

— 

2 

— 

2 

— 


3,5 

DL High to Clock High 


4 

— 

6 

~ 

6 

— 

7 

— 


3,5 


NOTES: 

1 . Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. 
At any given voltage and temperature, t^HOZ is ,ess than *KHQX and kaHQZ is less than kaLQX for a 9 iven device. 

2. A transparent write cycle is defined by DL high during the write cycle. 

3. A latched write cycle is defined by DL transitioning low during the write cycle and satisfying the specified hold time for the rising edge of clock 
(K). 

4. Into rated load of 85 pF equivalent resistive load (see Figure 1 A). 

5. This is a synchronous device. All synchronous inputs must meet the specified setup and hold times with stable logic levels for all rising edges 
of clock (K) or falling edges of data latch enable (DL). 
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MCM62990A 


K 

SE 

ADDRESS 

SW 

DATA OUT 

G 


AC TEST LOADS 


+ 5 V 



480 Q 


85 pF 

(INCLUDING 
SCOPE AND JIG) 



480 a 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 


READ CYCLES 


k 


X 


_t KHKH' 




' { KHKL 1 
*KHSEX 


" l KLKH~ 


/ \ / V 


l SEVKH 


/XXXXXk 






Y 


tAVKH 


mwx 


’ tKHAX 




' *SWVKH 
l- *T~ tKHSWX 
1 tKHQX1“ 


" tKHQV 


{ KHQX2 

l)C^J(X®C3 Kkl 

« ^ tGLQX - ** 

{ GLQV~ "* 

> \ 


l GHQZ 
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WRITE CYCLES 


' l KHKH 


/ V—/ 


' { AVKH 



/ V 




' tKHAX 


SW 


H 

IX x xxxxx x 


tRHSWX 


AWL, AWH 


DL 


I 


tAWxLKH - 




*KHDLH 


" tSWVKH 


jxsxxk. 




xxxxxxxx ~ 



*KLAWxH 


"M 


l KHAWxL 


l KHAWxH 


*DLLDX ‘ 




"tDLHKH" 


r 


< X IXXXXXXX) C 


' tDVDLL 


DATA OUT 


Z 


LATCHED 

WRITE 


ABORTED 

WRITE 


UNLATCHED 

WRITE 


ORDERING INFORMATION 
(Order by Full Part Number) 


Motorola Memory Prefix 


Part Number 


62990A FN XX 


Speed (1 2 = 1 2 ns, 1 5 = 1 5 ns, 20 = 20 ns 
25 = 25 ns) 

Package (FN = PLCC) 


Full Part Numbers— MCM62990AFN 12 MCM62990AFN15 MCM62990AFN20 MCM62990AFN25 


MOTOROLA MEMORY DATA 




MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Advance Information 

16K x 16 Bit Asynchronous/Latched 
Address Fast Static RAM 


The MCM62995 is a 262,144 bit latched address static random access memory 
organized as 16,384 words of 16 bits, fabricated using Motorola’s 
high-performance silicon-gate CMOS technology. The device integrates a 1 6K x 1 6 
SRAM core with advanced peripheral circuitry consisting of address and data input 
latches, active high and active low chip enables, separate upper and lower byte 
write strobes, and a fast output enable. This device has increased output drive 
capability supported by multiple power pins. In addition, the output levels can be 
either 3.3 V or 5 V TTL compatible by choice of the appropriate output bus power 
supply. 

Address, data in, and chip enable latches are provided. When 


MCM62995 




FN PACKAGE 
PLASTIC 
CASE 778 


PIN ASSIGNMENT 


< < |UJ | CD 


HI* 


CM CO 

! IO < < 



P DQO 


This device is ideally suited for systems which require wide data 
bus widths, cache memory, and tag RAMs. See Figure 2 for 
applications information. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 1 0% Power Supplies for Output Buffers 

• Fast Access and Cycle Times: 1 7/20/25 ns Max 

• Byte Writeable via Dual Write Strobes with Abort Write Capability 

• Separate Data Input Latch for Simplified Write Cycles 

• Address and Chip Enable Input Latches 

• Common Data Inputs and Data Outputs 

• Output Enable Controlled Three-State Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 

• High Board Density 52-Lead PLCC Package 


PIN NAMES | 

A0-A13 .... 

Address Inputs 

LE 

Latch Enable 

DL 

Data Latch Enable 

W 

Write Enable 

BWL 

Byte Write Strobe Low 

BWH 

Byte Write Strobe High 

E 

. . . Active High Chip Enable 

E 

. . . Active Low Chip Enable 

G 

Output Enable 

DQ0-DQ15 

Data Input/Output 

v cc 

+ 5 V Power Supply 

V CCQ 

Output Buffer Power Supply 

V SSQ 

Otuput Buffer Ground 

Vss 

Ground 

NC 

No Connect 


All power supply and ground pins must be 
connected for proper operation of the device. 
V CC - V CCQ at al1 times including power up. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


ADDRESS 



TRUTH TABLE (See Note) 


Es 

W 

BWL 

BWH 

LE 

DL 

G 

Mode 

Supply 

Current 

I/O 

Status 

F 

X 

X 

X 

X 

X 

X 

Deselected Cycle 

'SB 

High-Z 

T 

H 

X 

X 

H 

X 

H 

Read Cycle 

'cc 

High-Z 

T 

H 

X 

X 

H 

X 

L 

Read Cycle 

'CC 

Data Out 

T 

H 

X 

X 

L 

X 

L 

Latched Read Cycle 

'cc 

Data Out 

T 

L 

L 

L 

H 

H 

X 

Write Cycle All Bits 

'cc 

High-Z 

T 

L 

H 

H 

X 

X 

X 

Aborted Write Cycle 

'cc 

High-Z 

T 

L 

L 

H 

H 

H 

X 

Write Cycle Lower 8 Bits 

'cc 

High-Z 

T 

L 

H 

L 

H 

L 

X 

Write Cycle Upper 8 Bits 
Latched Data In 

'cc 

High-Z 

T 

L 

L 

L 

L 

L 

X 

Latched Write Cycle 
Latched Data In 

'cc 

High-Z 


NOTE: True (T) is E = 1 and E = 0. E, E, and addresses satisfy the specified setup and hold times for the 
falling edge of LE. Data in satisfies the specified setup and hold time for falling edge of DL. 


This device contains circuitry to pro- 
tect the inputs against damage due 
to high static voltages or electrical 
fields; however, it is advised that nor- 
mal precautions be taken to avoid 
application of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. 

This CMOS memory circuit has 
been designed to meet the dc and ac 
specifications shown in the tables af- 
ter thermal equilibrium has been es- 
tablished. 

This device contains circuitry that 
will ensure the output devices are in 
High-Z at power up. 



ABSOLUTE MAXIMUM RATINGS (Voltages referenced to V S s = V S SQ = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to 7.0 

V 

Voltage Relative to Vgs/VSSQ f° r Any Pin Except 
Vqc and V CCQ 

V|n. V 0 ut 

- 0.5 to Vqq + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation (T^ = 70°C) 

Pd 

2.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

t a 

0 to + 70 

°C 

Storage Temperature 

T stg 

-55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time could affect device 
reliability. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 5.0 V ± 10%, Vqcq = 5.0 V or 3.3 V ± 10%, T A = 0 to +70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V S s = V S SC 

> = 0 V) 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

4.5 

5.0 

5.5 

V 

Output Buffer Supply Voltage 

V CCQ* 




V 

(5.0 V TTL Compatible) 


4.5 

5.0 

5.5 


(3.3 V 50 Q Compatible) 


3.0 

3.3 

3.6 


Input High Voltage 

V| H 

2.2 

3.0 

Vcc + 03 

V 

Input Low Voltage 

V|L 

- 0.5** 

0.0 

0.8 

V 


*Vccq must be < Vqq at all times, including power up. 
**V|[_ (min) = - 3.0 V ac (pulse width < 20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqq) 

'ikg(i) 

- 

- 

± 1.0 

HA 

Output Leakage Current (G~= Vjh) 

'lkg(O) 

- 

- 

± 1.0 

HA 

AC Supply Current (G = V||_, All Inputs = Vjl or V|j-|, V|i_ = 0.0 V and Vjh > 3.0 V, 

•CCA 




mA 

•out = 0 mA > Cycle Time > t A v A v min) 



310 

360 


MCM62995-1 7: t AVA v = 17 ns 




MCM62995-20: t AVA v = 20 ns 
MCM62995-25: t AVA v = 25 ns 


— 

290 

360 



— 

280 

360 


Standby Current (ET= V||_j, E = Vjl, All Inputs = V||_ or V||_j 

•SB 

— 

50 

80 

mA 

Vjl = 0.0 V and V||-| > 3.0 V, l out = 0 mA, Cycle Time ^’t A v A v min) 






Output Low Voltage (Iql = + 8.0 mA) 

V 0 L 

— 

— 

0.4 

V 

Output High Voltage (Iqh = ~ 4.0 mA) 

v OH 

2.4 

- 

- 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 1 00% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ15) 

Cjn 

4 

6 

pF 

Input/Output Capacitance (DQ0-DQ1 5) 

c l/0 

8 

10 

pF 


TEST LOADS 




Figure 1A 


Figure IB 
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CAPACITIVE LOAD EQUIVALENT RESISTANCE 


i = C x dV/dt l = V out /50 



85 pF load is equivalent to a 50 Q termination 


AC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 5.0 V ± 10%, Vqqq = 5.0 V or 3.3 V ± 10%, T/\ = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1A Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


ASYNCHRONOUS READ CYCLE TIMING (See Notes 1 , 2, 3, and 4) 




MCM62995-17 

MCM62995-20 

MCM62995-25 



Parameter 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Read Cycle Times 

tAVAV 

17 

— 

U3I 

— 

M 

— 

ns 

5 

Access Times: 

■■ ■ 

MM 

■■ 

MM 




ns 


Address Valid to Output Valid 



wm 


20 

— 

25 



E, E “True” to Output Valid 





20 

— 

25 


6 

Output Enable Low to Output Valid 

■HtyB 


MM 


8 

— 

10 



Output Hold from Address Change 

*AXQX 

4 

— 

4 

— 

4 

— 

ns 


Output Buffer Control: 







MM 


■ ■ 

E, E “True” to Output Active 

tETQX 









G Low to Output Active 

*GLQX 






m 



E, E “False” to Output High-Z 

tEFQZ 









G High to Output High-Z 

tGHQZ 





M 




Power Up Time 

tETICCH 

0 


0 

- 

0 

- 

ns 



NOTES: 

1 . LE and DL are equal to V||_| for all asynchronous cycles. 

2. Write enable is equal to Vm for all read cycles. 

3. ET is defined by E going low coincident with or after E goes high, or E going high coincident \yith or after E goes low. 

4. EF is defined by E going high or E going low. 

5. All read cycle timing is referenced from the last valid address to the first transitioning address. 

6. Addresses valid prior to or coincident with E going low or E going high. 

7. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, tEFQZ is ,ess than *ETQX ancl *GHQZ f° r a 9 iven device. 
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ASYNCHRONOUS READ CYCLE 

LE (LATCH ENABLE) XXXXy XXXXXX 



DL (DATA LATCH ENABLE) 

m (byte write enable) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


ASYNCHRONOUS WRITE CYCLE TIMING (See Notes 1 , 2, 3, 4, and 5) 


Parameter 

Symbol 

MCM62995-17 

MCM62995-20 

MCM62995-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Times 

*AVAV 

17 

— 

20 

— 

25 

— 

ns 

6 

Setup Times: 








ns 


Address Valid to End of Write 

fAVWH 

13 

— 

15 

— 

20 

— 



Address Valid to E or E "False” 

*AVEF 

13 

— 

15 

— 

20 

— 



Address Valid to W Low 

fAVWL 

0 

— 

0 

— 

0 

— 



Address Valid to E, E “True” 

*AVET 

0 

— 

0 

— 

0 

— 



Data Valid to W High 

*DVWH 

6 

— 

8 

— 

10 

— 



Data Valid to E or E “False” 

tDVEF 

6 

— 

8 

— 

10 

— 



Byte Write Low to W High 

fBWxLWH 

6 

— 

8 

— 

10 

— 



Byte Write Low to E, E “False” 

*BWxLEF 

6 

— 

8 

— 

10 

— 



Byte Write High to W Low (Abort) 

tBWxHWL 

0 

— 

0 

— 

0 

— 


2 

Hold Times: 








ns 


W High to Address Invalid 

fWHAX 

0 

— 

0 

— 

0 

— 



E, E “False” to Address Invalid 

*EFAX 

1 

— 

1 

— 

1 

— 



W High to Data Invalid 

fWHDX 

0 

— 

0 

— 

0 

— 



E, E “False” to Data Invalid 

fEFDX 

0 

— 

0 

— 

0 

— 



W High to Byte Write Invalid 

tWHBWxX 

2 

— 

■ m 

— 


— 



E, E “False” to Byte Write Invalid 

tEFBWxX 

2 

— 

mm 

— 


— 



Write Pulse Width: 







■j 



Write Pulse Width 

fWLWH 

13 

. 







Write Pulse Width 

twLEF 

13 








Enable to End of Write 

*ETWH 

13 








Enable to End of Write 

tETEF 

13 








Output Buffer Control: 



— 




■ 



W High to Output Valid 

fWHQV 

18 

— 

20 



■ 



W High to Output Active 

fWHQX 

5 

— 







W Low to Output High-Z 

*WLQZ 

0 

9 








NOTES: 


1 . LE and DL are equal to Vm for all asynchronous cycle s. 

2. A write occurs during the overlap of ET, W low, and BWx low. An aborted write occurs when BWx remains at V||_| while W is low and satisfies 
the required setup and hold times. 

3. Write must be eqjjal to Vm for all address transitions. 

4. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

5. EF is defined by E going high or E going low. 

6. All write cycle timing is referenced from the last valid address to the first transitioning address. 

7. If E or E goes false coincident with or before_W goes high, the output will remain in a high-impedance state. 

8. If E and E goes true coincident with or after W goes low, the output will remain in a high-impedance state. 

9. Transition is measured ±500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
anygiven voltage and temperature, tyvj_Qz is less than tyvHQX for a 9 iven device. 

10. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 


MOTOROLA MEMORY DATA 


7-230 








MCM62995 


ASYNCHRONOUS WRITE CYCLE 

LE (LATCH ENABLE) XXXY \XX 



LATCHED READ CYCLE TIMING (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM62995-17 

MCM62995-20 

MCM62995-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Times 

fAVAV 

17 

— 

20 

— 

25 

— 

ns 

5 

Access Times: 








ns 


Address Valid to Output Valid 

fAVQV 

— 

17 

— 

20 

— 

25 



E, E “True” to Output Valid 

fETQV 

— 

17 

— 

20 

— 

25 


5 

LE High to Output Valid 

*LEHQV 

— 

17 

— 

20 

— 

25 


6 

Output Enable Low to Output Valid 

fGLQV 

— 

6 

— 

8 

— 

10 



Setup Times: 








ns 


Address Valid to LE Low 

fAVLEL 

2 

— 

2 

— 

2 

— 


6 

E, E “Valid” to LE Low 

fEVLEL 

2 

— 

2 

— 

2 

— 


6 

Address Valid to LE High 

fAVLEH 

0 

— 

0 

— 

0 

— 



E, E “Valid” to LE High 

*EVLEH 

0 

— 

0 

— 

0 

— 



Hold Times: 








ns 


LE Low to Address Invalid 

*LELAX 

3 

— 

3 

— 

3 

— 


6 

LE Low to E, E “Invalid” 

fLELEX 

3 

— 

3 

— 

3 

— 


6 

Output Hold: 








ns 


Address Invalid to Output Invalid 

fAXQX 

4 

— 

4 

— 

4 

— 



LE High to Output Invalid 

fLEHQXI 

4 

— 

4 

— 

4 

— 



Latch Enable High Pulse Width 

fLEHLEL 

5 

— 

5 

— 

5 

— 

ns 


Output Buffer Control: 








ns 


E, E “True” to Output Active 

fETQX 

2 

— 

2 

— 

2 

— 


7 

G Low to Output Active 

fGLQX 

2 

— 

2 

— 

2 

— 


7 

LE _High to Output Active 

tLEHQX2 

2 

— 

2 

— 

2 

— 


7 

E, E “False” to Output High-Z 

*EFQZ 

2 

9 

2 

9 

2 

10 


7 

LE High to Output High-Z 

fLEHQZ 

2 

9 

2 

9 

2 

10 


7 

G High to Output High-Z 

fGHQZ 

2 

6 

2 

8 

2 

10 


7 


NOTES: 

1 . Write enable is equal to Vjh for all read cycles. 

2. All read cycle timing is referenced from the last valid address to the first transitioning address. 

3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

4. EF is defined by E going high or E going low. 

5. Addresses valid prior to or coincident with E going low and E going high. 

6. All latched inputs must meet the specified setup and hold times with stable logic levels for ALL falling edges of latch enable (LE) and data latch 
enable (DL). 

7. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, t[=FQZ is ,ess than *ETQX and *LEHQZ is less than fLEHQX2 and *GHQZ ls less than *GLQX f° r a 9 iven 
device. 
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LATCHED READ CYCLES 
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LATCHED WRITE CYCLE TIMING (See Notes 1,2,3, and 4) 


Parameter 

Symbol 

MCM62995-1 7 

MCM62995-20 

MCM62995-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Times: 








ns 


Address Valid to Address Valid 

*AVAV 

17 

— 

20 

— 

25 

— 


5 

LE High to LE High 

tLEHLEH 

17 

— 

20 

— 

25 

— 


5 

Setup Times: 








ns 


Address Valid to End of Write 

*AVWH 

13 

— 

15 

— 

20 

— 



Address Valid to End of Write 

*AVEF 

13 

— 

15 

— 

20 

— 



E, E "Valid” to LE Low 

tEVLEL 

2 

— 

2 

— 

2 

— 



Address Valid to LE Low 

*AVLEL 

2 

— 

2 

— 

2 

— 



E, E “Valid” to LE High 

*EVLEH 

0 

— 

0 

— 

0 

— 



Address Valid to LE High 

l AVLEH 

0 

— 

0 

— 

0 

— 



LE High to W Low 

tLEHWL 

0 

— 

0 

— 

0 

— 



Address Valid to W Low 

tAVWL 

0 

— 

0 

— 

0 

— 



Address Valid to E, E “True” 

*AVET 

0 

— 

0 

— 

0 

— 



Data Valid to DL Low 

*DVDLL 

2 

— 

2 

— 

2 

— 



Data Valid to W Hicjh 

*DVWH 

6 

— 

8 

— 

10 

— 



Data Valid to E or E “False” 

*DVEF 

6 

— 

8 

— 

10 

— 



DL High to W High 

*DLHWH 

6 

— 

8 

— 

10 

— 



DL High to E, E “False” 

tDLHEF 

6 

— 

8 

— 

10 

— 



Byte Write Low to W High 

tBWxLWH 

6 

— 

8 

— 

10 

— 



Byte Write Low to E, E “False” 

tBWxLEF 

6 

— 

8 

— 

10 

— 



Byte Write High to W Low (Abort) 

tBWxHWL 

0 

— 

0 

— 

0 

— 


1 

Hold Times: _ 








ns 


LE Low to E, E “Invalid” 

*LELEX 

3 

— 

3 

— 

3 

— 


5 

LE Low to Address Invalid 

*LELAX 

3 

— 

3 

— 

3 

— 


5 

DL Low to Data Invalid 

tDLLDX 

3 

— 

3 

— 

3 

— 



W High to Address Invalid 

*WHAX 

0 

— 

0 

— 

0 

— 



E, E “False” to Address Invalid 

*EFAX 

1 

— 

1 

— 

1 

— 



W High to Data Invalid 

*WHDX 

0 

— 

0 

— 

0 

— 



E, E “False” to Data Invalid 

tEFDX 

0 

— 

0 

— 

0 

— 



WHigh to DL High 

tWHDLH 

0 

— 

0 

— 

0 

— 



E, E “False” to DL High 

tEFDLH 

0 

— 

0 

— 

0 

— 



W High to Byte Write Invalid 

tWHBWxX 

2 

— 

2 

— 

2 

— 



E, E “False” to Byte Write Invalid 

tEFBWxX 

2 

— 

2 

— 

2 

— 



W High to LE High 

tWHLEH 

0 

— 

0 

— 

0 

— 



Write Pulse Width: 








ns 


LE High to W High 

*LEHWH 

13 

— 

15 

— 

20 

— 


6 

Write Pulse Width 

tWLWH, 

13 

— 

15 

— 

20 

— 




tWLEF 

13 

— 

15 

— 

20 

— 


7 

Enable to End of Write 

tETWH, 

13 

— 

15 

— 

20 

— 


8 


*ETEF 

13 

— 

15 

— 

20 

— 


7,8 

Latch Enable High Pulse Width 

tLEHLEL 

5 

— 

5 

— 

5 

— 

ns 


Output Buffer Control: 








ns 



*WHQV 

17 

— 

20 

— 

25 

— 




fyVHQX 


— 

5 

— 

5 

— 


9 

W Low to Output High-Z 

*WLQZ 


9 

0 

9 

0 

10 


9, 10 


NOTES: _ __ _ 

1 . A write occurs during the overlap of ET, W low and BWx low. An aborted write occurs when BWx remains at Vm while W is low and meets the 
required setup and hold times. 

2. Write must be equal to V||-| for all address transitions. 

3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

4. EF is defined by E going high or E going low. 

5. All write cycle timing is referenced from the last valid address to the first transitioning address. 

6. All latched inputs must meet the specified setup and hold times with stable logic levels for ALL falling edges of latch enable (LE) and data 

latch enable (DL). _ 

7. If E or E goes false coincident with or beforejw goes high, the output will remain in a high-impedance state. 

8. If E and E goes true coincident with or after W goes low, the output will remain in a high-impedance state. 

9. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. At 
any given voltage and temperature, tyvLQZ is less than tyVHQX for a 9 iven device. 

10. If G goes low coincident with or after W goes low, the output will remain in a high-impedance state. 


MOTOROLA MEMORY DATA 


7-233 









MCM62995 


LATCHED WRITE CYCLES 



G (OUTPUT ENABLE) 


A 
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Figure 2. R3000 Application Example with 128K Byte Segregated 
Instruction/Data Cache Using Eight Motorola MCM62995 Latched SRAMs 
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MCM62995 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 


Motorola Memory Prefix 


62995 xx xx 

TTI 


Speed (1 7 = 1 7 ns, 20 = 20 ns, 25 = 25 ns) 


Part Number 


Package (FN = PLCC) 


Full Part Number - MCM62995FN1 7 MCM62995FN20 MCM62995FN25 


MOTOROLA MEMORY DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

16K x 16 Bit Asynchronous/Latched 
Address Fast Static RAM 


The MCM62995A is a 262,144 bit latched address static random access memory organized 
as 16,384 words of 16 bits, fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. The device integrates a 16Kx16 SRAM core with advanced peripheral circuitry 
consisting of address and data input latches, active high and active low chip enables, sepa- 
rate upper and lower byte write strobes, and a fast output enable. This device has increased 
output drive capability supported by multiple power pins. In addition, the output levels can be 
either 3.3 V or 5 V TTL compatible by choice of the appropriate output bus power supply. 

Address, data in, and chip enable latches are provided. When latch enable 
(LE for address and chip enables and DL for data in) is high the address, data 
in, and chip enable latches are in the transparent state. If latch enable (LE, 

DL) is tied high the device can be used as a asynchronous SRAM. When latch 
enable (LE, DL) is low the address, data in, and chip enable latches are in the 
latched state. This input latch simplifies read and write cycles by guaranteeing 
address and data-in h old ti me in a sim ple fashion. 

Dual writ e strob es (BWL and BWH) are provided to allow indivi dually write- 
able bytes. BWL controls DQ0-DQ7, the lower bits. While BWH controls 
DQ8-DQ15, the upper bits. 

Additional power supply pins have been utilized and placed on the package 
for maximum performance. In addition, the output buffer power pins are elec- 
trically isolated from the other two and supply power only to the output buffers. 

This allows connecting the output buffers to 3.3 V instead of 5.0 V if desired. If 
3.3 V output levels are chosen, the output buffer impedance in the ’’high” state 
is approximately equal to the impedance in the “low” state thereby allowing 
simplified transmission line terminations. 

The MCM62995A will be available in a 52-pin plastic leaded chip carrier 
(PLCC). 

This device is ideally suited for systems which require wide data bus widths, 
cache memory, and tag RAMs. See Figure 2 for applications information. 

• Single 5 V ± 1 0% Power Supply 

• Choice of 5 V or 3.3 V ± 1 0% Power Supplies for Output Buffers 


MCM62995A 




FN PACKAGE 
PLASTIC 
CASE 778 


PIN ASSIGNMENT 


< |uj I m I m > > |5 


|o < < 


DQ8 [ 

8 

DQ9 [ 

9 

V CCQ I 

10 

v ssqI 

11 

DQ10 [ 

12 

DQ11 [ 

13 

DQ12 [ 

14 

DQ13 C 

15 

v ssq[ 

16 

v ccqI 

17 

DQ14 [ 

18 

DQ15 [ 

19 

NC [ 

20 i. 


2 1 52 51 50 49 48 47 . 

• 46 ] NC 

45 1 DQ7 
44 ] DQ6 
43 ] VqcQ 
42 ] V S SQ 
41 ] DQ5 
40 ] DQ4 
39 ] DQ3 
38 ] DQ2 
37 ] VssQ 

36 3 VccQ 

35 3 DQ1 


21 22 23 24 25 26 27 28 29 30 31 32 33 

i i i i i i i i 

CO o CO 

O < < 


340 DQ 


• Fast Access Times: 1 2/1 5/20/25 ns Max 

• Byte Writeable via Dual Write Strobes with Abort Write Capability 

• Separate Data Input Latch for Simplified Write Cycles 

• Address and Chip Enable Input Latches 

• Common Data Inputs and Data Outputs 

• Output Enable Controlled Three-State Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 

• High Board Density 52-Lead PLCC Package 


PIN NAMES 


A0-A13 Address Inputs 

LE Latch Enable 

DL Data Latch Enable 

W Write Enable 

BWL Byte Write Strobe Low 

BWH Byte Write Strobe High 

E Active High Chip Enable 

E Active Low Chip Enable 

G Output Enable 

DQ0-DQ15 Data Input/Output 

Vqq +5V Power Supply 

Vqqq Output Buffer Power Supply 

VgSQ Otuput Buffer Ground 

Vss Ground 

NC No Connect 


All power supply and ground pins must be 
connected for proper operation of the device. 
Vqq - V CCQ at al1 times including power up. 


This document contains information on a new product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 



TRUTH TABLE 


Es 

W 

BWL 

BWH 

LE 

DL 

G 


Supply 

Current 

I/O 

Status 

F 

X 

X 

X 

X 

X 

X 

Deselected Cycle 

•SB 

High-Z 

T 

H 

X 

X 

H 

X 

H 

Read Cycle 

>CC 

High-Z 

T 

H 

X 

X 

H 

X 

L 

Read Cycle 

'CC 

Data Out 

T 

H 

X 

X 

L 

X 

L 

Latched Read Cycle 

'CC 

Data Out 

T 

L 

L 

L 

H 

H 

X 

Write Cycle All Bits 

'cc 

High-Z 

T 

L 

H 

H 

X 

X 

X 

Aborted Write Cycle 

'cc 

High-Z 

T 

L 

L 

H 

H 

H 

X 

Write Cycle Lower 

8 Bits 

'cc 

High-Z 

T 

L 

H 

L 

H 

L 

X 

Write Cycle Upper 

8 Bits Latched Data-In 

'cc 

High-Z 

T 

L 

L 

L 

L 

L 

X 

Latched Write Cycle 
Latched Data-In 

'cc 

High-Z 


NOTE: True (T) is E = 1 and E = 0. E, E, and Addresses satisfy the specified setup and hold 
times for the falling edge of LE. Data-in satisfies the specified setup and hold times for 
falling edge of DL. 


ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to V S s = VsSQ = 0 v ) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

-0.5 to + 7.0 

V 

Voltage Relative to Vss^SSQ for An y 

Pin Except Vqq and Vqqq 

v in> v out 

- 0.5 to 

Vcc + 0.5 

V 

Output Current (per I/O) 

'out 

±20 

mA 

Power Dissipation 0 a = 70°C) 

PD 

2.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°c 

Operating Temperature 

t a 

0 to +70 

°C 

Storage Temperature 

Isis 

- 55 to + 125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal pre- 
cautions be taken to avoid application of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. 

This CMOS memory circuit has been 
designed to meet the dc and ac specifi- 
cations shown in the tables, after ther- 
mal equilibrium has been established. 

This device contains circuitry that will 
ensure the output devices are in High-Z 
at power up. 
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DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqq = Vqqq = 5.0 V ±10%, T A = 0 to + 70°C, Unless Otherwise Noted) 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V§s = V SSQ = 0 v ) 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC 

5.0 

4.5 

5.5 

V 

Output Buffer Supply Voltage (5.0 V TTL Compatible) 

V CCQ 

5.0 

4.5 

5.5 

V 

(3.3 V 50 Q Compatible) 

3.3 

3.0 

3.6 


Input High Voltage 

V|H 

3.0 

2.2 

V C C + 0.3 

V 

Input Low Voltage 

V|L 

0.0 

-0.5* 

0.8 

V 


* V|[_(min) = - 3.0 V ac (pulse width <20 ns) 

DC CHARACTERISTICS 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, V-, n = 0 to Vqq) 

'lkg(l) 

— 

— 

±1.0 

pA 

Output Leakage Current (G = V|h) 

'lkg(O) 

— 

— 

±1.0 

pA 

AC Supply Current (G = V|l, l 0U f = 0 mA, All Inputs = Vjl or V^, 

V|l = 0.0 V and V|j-| > 3.0 V Cycle Time > t/\VAV m ' n 

>CCA12 

*CCA15 

•CCA20 

'CCA25 

310 

300 

290 

280 

- 

360 

mA 

Standby Current (E = V|i_, E = V|h, lout = 0 mA, All Inputs = V||_ or V||-{ 

V|l = 0 V and V|h > 3.0 V Cycle Time >’ t A VAV min 

'SB 

50 

— 

70 

mA 

Output Low Voltage (Iql = + 8.0 mA) 

V 0 L 

— 

— 

0.4 

V 

Output High Voltage (Iqh = - 4.0 mA) 

VOH 

— 

2.4 

— 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ15) 

Cin 

4 

6 

PF 

Input/Output Capacitance (DQ0-DQ1 5) 

^out 

8 

10 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C c = 5.0 V ±10%, Vqoq = 3.3 V or 5.0 V ±10%, T A = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level . . 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


ASYNCHRONOUS READ CYCLE TIMING (See Notes 1 , 2, 3, and 4) 




MCM62995A-12 

MCM62995A-1 5 

MCM62995A-20 

MCM62995A-25 



Parameter 

Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Notes 

Read Cycle Times 

l AVAV 

15 

— 

15 

— 

20 

— 

25 

— 

ns 

5 

Access Times: 










ns 

6 

Address Valid to Output Valid 

*AVQV 

— 

12 

— 

15 

— 

20 

— 

25 



E, E “True” to Output Valid 

*ETQV 

— 

12 

— 

15 

— 

20 

— 

25 



Output Enable Low to Output Valid 

tGLQV 

— 

5 

— 

6 

— 

8 

— 

10 



Output Hold from Address Change 

tAXQX 

4 

— 

4 

— 

4 

— 

4 

— 

ns 


Output Buffer Control: 










ns 

7 

E, E “True” to Output Active 

tETQX 

2 

— 

2 

— 

2 

— 

2 

— 



G Low to Output Active 

tGLQX 

2 

— 

2 

— 

2 

— 

2 

— 



E, E “False” to Output High-Z 

tEFQZ 

2 

9 

2 

9 

2 

9 

2 

10 



G High to Output High-Z 

tGHQZ 

2 

5 

2 

6 

2 

9 

2 

10 



Power Up Time 

’ETICCA 

0 

— 

0 

— 

0 

— 

0 

— 

ns 



NOTES: 

1 . LE and DL are equal to V|h for all asynchronous cycles. 

2. Write Enable is equal to Vjh for all read cycles. 

3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

4. EF is defined by E going high or E going low. 

5. All read cycle timing is referenced from thejast valid address to the first transitioning address. 

6. Addresses valid prior to or coincident with E going low or E going high. 

7. Transition is measured ±500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 100% tested. 
At any given voltage and temperature, tEFQZ is ,ess than t£jQX ancl kaHQZ is less than tQLQX tor a given device. 


AC TEST LOADS 


+ 5 V 



480 a 


85 pF 

(INCLUDING 
SCOPE AND JIG) 



i 


480 Q 


5 pF 

(INCLUDING 
SCOPE AND JIG) 


Figure 1A 


Figure IB 
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ASYNCHRONOUS WRITE CYCLE TIMING (See Notes 1, 2, 3, 4, and 5) 


Parameter 

Symbol 

MCM62995A-12 

MCM62995A-15 

MCM62995A-20 

MCM62995A-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Times 

{ AVAV 

15 

— 

15 

— 

20 

— 

25 

— 

ns 

6 

Setup Times: 










ns 


Address Valid to End of Write 

*AVWH 

10 

— 

13 

— 

15 

— 

20 

— 



Address Valid to E, E “False” 

*AVEF 

10 

— 

13 

— 

15 

— 

20 

— 



Address Valid to W Low 

l AVWL 

0 

— 

0 

— 

0 

— 

0 

— 



Address Valid to E, E “True” 

*AVET 

0 

— 

0 

— • 

0 

— 

0 

— 



Data Valid to W High 

*DVWH 

4 

— 

6 

— 

8 

— 

10 

— 



Data Valid to E or E “False” 

tDVEF 

4 

— 

6 

— 

8 

— 

10 

— 



Byte Write Low to W High 

tBWxLWH 

4 

— 

6 

— 

8 

— 

10 

— 



Byte Write High to W Low (Abort) 

tBWxHWL 

0 

— 

0 

— 

0 

— 

0 

— 


2 

Byte Write Low to E, E “False” 

teWxLEF 

4 

— 

6 

— 

8 

— 

10 

— 



Hold Times: 










ns 


W High to Address Invalid 

tWHAX 

0 

— 

0 

— 

0 

— 

0 

— 



E, E “False” to Address Invalid 

*EFAX 

0 

— 

0 

— 

0 

— 

0 

— 



W High to Data Invalid 

*WHDX 

0 

— 

0 

— 

0 

— 

0 

— 



E, E “False” to Data Invalid 

*EFDX 

0 

— 

0 

— 

0 

— 

0 

— 



W High to Byte Write Invalid 

tWHBWxX 

2 

— 

2 

— 

2 

— 

2 

— 



E, E “False” to Byte Write Invalid 

*EFBWxX 

2 

— 

2 

— 

2 

— 

2 

— 



Write Pulse Width: 










ns 


Write Pulse Width 

*WLWH 

12 

— 

13 

_ 

15 

— 

20 

— 



Write Pulse Width 

tyVLEF 

12 

— 

13 

— 

15 

— 

20 1 

— 


9 

Enable to End of Write 

*ETWH 

12 

— 

13 

_ 

15 

— 

20 

— 


8 

Enable to End of Write 

*ETEF 

12 

— 

13 

— 

15 i 

— 

20 

— 


8,9 

Output Buffer Control: 










ns 


W High to Output Valid 

tWHQV 

12 

— 

18 



20 

— 1 

25 

— 



W High to Output Active 

l WHQX 

5 

— 

5 

— 

5 

— 

5 

— 


10 

W High to Output High-Z 

*WLQZ 

0 

9 

0 

9 

0 

9 

0 

10 


7,10 


NOTES: 

1 . LE and DL are equal to V|h for all asynchronous c ycles. _____ _ 

2. A write occurs during the overlap of ET, W low and BWx low. An aborted write occurs when BWx remains at V|h while W is low. 

3. Write must be equal to Vm for all address transitions. 

4. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

5. EF is defined by E going high or E going low. 

6. AILwrite cycle timing is referenced from the last valid address to the first transitioning address. 

7. If G goesjow coincident with or after W goesjow, the output will remain in a high impedance state. 

8. If E and E goes true coincident with or after W_goes low the output will remain in a high impedance state. 

9. If E or E goes false coincident with or before W goes high the output will remain in a high impedance state. 

1 0. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. 
At any given voltage and temperature, twi_Q2 is less than twhiQX for a 9 iven device - 
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MCM62995A 


LATCHED READ CYCLE TIMING (See Notes 1, 2, 3, and 4) 


Parameter 

Symbol 

MCM62995A-12 

MCM62995A-15 

MCM62995A-20 

MCM62995A-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Times 

tAVAV 

15 

— 

15 

— 

20 

— 

25 

— 

ns 

5 

Access Times: 








_j_ 



mm 

Address Valid to Output Valid 

*AVQV 

— 

12 





■ 




E, E “True” to Output Valid 

tETQV 

— 

12 





■ 



■ 

LE High to Output Valid 

tLEHQV 

— 

12 

■ 


■ 


H 



mm 

Output Enable Low to Output Valid 

fGLQV 

— 

5 

IBM 


| 





u 

Setup Times: 





■ 

mm 

■ 


■ 


mm 

Address Valid to LE Low 

*AVLEL 

2 










E, E “Valid” to LE Low 

*EVLEL 

2 




■ 

!• , ■ ; '• 





Address Valid to LE High 

*AVLEH 

0 

■ 









E, E “Valid” to LE High 

tEVLEH 

0 





H 


m 



Hold Times: 










ns 

6 

LE Low to Address Invalid 

tLELAX 

3 

— 

3 

— 

3 

— 

3 

— 



LE Low to E, E “Invalid” 

tLELEX 

3 

— 

3 

— 

3 

— 

3 

— 



Output Hold: 










ns 


Address Invalid to Output Invalid 

*AXQX 

4 

— 

4 

— 

4 

— 

4 

— 



LE High to Output Invalid 

tLEHQXI 

4 

— 

4 

— 

4 

— 

4 

— 



Latch Enable High Pulse Width 

tLEHLEL 

5 

— 

5 

— 

5 

— 

5 

— 

ns 


Output Buffer Control: 










ns 

7 

E, E “True” to Output Active 

fETQX 

2 

— 

2 


2 

— 

2 

— 



G Low to Output Active 

fGLQX 

2 


2 


2 

— 

2 

— 



LE High to Output Active 

fLEHQX2 

2 


2 


2 

— 

2 

— 



E, E “False” to Output High-Z 

tEFQZ 

2 

9 

2 

9 

2 

10 

2 

10 



LE High to Output High-Z 

*LEHQZ 

2 

9 

2 

9 

2 

10 

2 

10 



G High to Output High-Z 

tGHQZ 

2 

5 

2 

7 

2 

8 

2 

10 




NOTES: 

1 . Write Enable is equal to V|h for all read cycles. 

2. Ail read cycle timing is referenced from the last valid address to the first transitioning address. 

3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

4. EF is defined by E going high or E going low. 

5. Addresses valid prior to or coincident with E going low and E going high 

6. All latched inputs must meet the specified setup and hold times with stable logic levels for ALL falling edges of latch enable (LE) and data 
latch enable (DL). 

7. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. 
At any given voltage and temperature, t[=FQZ is less than *ETQX and *LEHQZ is ,ess than tLEHQX2 and tGHQZ is less than kaLQX for a 
given device. 
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LATCHED WRITE CYCLE TIMING (See Notes 1 , 2, 3, and 4) 


Parameter 



MCM62995A-15 










Max 

Min 

Max 

Write Cycle Times: 






S3 

S|S3 




5 

Address Valid to Address Valid 

*AVAV 

15 

— 

15 

— 


''' 

25 




LE High to LE High 

tLEHLEH 

15 

— 

15 

— 

■ ■ 


25 




Setup Times: 










ns 


Address Valid to End of Write 

*AVWH 

10 

— 

13 

— 

15 

— 

20 

— 



Address Valid to End of Write 

tAVEF 

10 

__ 

13 

— 

15 

— 

20 

— 



E, E “Valid” to LE Low 

*EVLEL 

2 

— 

2 

— 

2 

— 

2 

— 



Address Valid to LE Low 

tAVLEL 

2 

— 

2 

— 

2 

— 

2 

— 



E, E “Valid" to LE High 

tEVLEH 

0 

— 

0 

— 

0 

— 

0 

— 



Address Valid to LE High 

tAVLEH 

0 

— 

0 

— 

0 

— 

0 

— 



LE High to W Low 

tLEHWL 

0 

— 

0 

— 

0 

— 

0 

— 



Address Valid to W Low 

*AVWL 

0 

— 

0 

— 

0 

— 

0 

— 



Address Valid to E, E “True” 

*AVET 

0 

— 

0 

— 

0 

— 

0 

_ 



Data Valid to DL Low 

*DVDLL 

2 

— 

2 

— 

2 

— 

2 

— 



Data Valid to W High 

*DVWH 

4 

— 

6 

— 

8 

— 

10 

— 



Data Valid to E or E “False” 

tDVEF 

4 

— 

6 

— 

8 

— 

10 

— 



DL High to W High 

tDLHWH 

4 

— 

6 

— 

8 

— 

10 

— 



DL High to E, E “False" 

*DLHEF 

4 

— 

6 

— 

8 

— 

10 

— 



Byte Write Low to W High 

*BWxLWH 

4 

— 

6 

— 

8 

— 

■PI 

— 



Byte Write Low to E, E “False” 

tBWxLEF 

4 

— 

6 

— 

8 

— 

wm 

— 



Byte Write High to W Low (Abort) 

tBWxHWL 

0 

— 

0 

— 

0 

— 

Kl 

— 



Hold Times: 








■ I 




LE Low to E, E “Invalid” 

*LELEX 

3 

— 

3 

— 

3 

— 


— 


5 

LE Low to Address Invalid 

*LELAX 

3 

— 

3 

— 

3 

— 


— 


5 

DL Low to Data Invalid 

*DLLDX 

3 

— 

3 

— 

3 

— 

KB 

— 



W High to Address Invalid 

tWHAX 

0 

— 

0 

— 

0 

— 

WM 

— 



E, E “False” to Address Invalid 

tEFAX 

0 

— 

0 

— 

0 

— 


— 



W High to Data Invalid 

tWHDX 

0 

— 

0 

— 

0 

— 

WM 

— 



E, E “False” to Data Invalid 

tEFDX 

0 

— 

0 

— 

0 

— 


— 



W High to DL High 

tyVHDLH 

0 

— 

0 

— 

0 

— 

Kfl 

— 



E, E “False” to DL High 

*EFDLH 

0 

— 

0 

— 

0 

— 

0 

— 



W High to Byte Write Invalid 

*WHBWxX 

2 

— 

2 

— 

2 

— 

2 

— 



E, E “False” to Byte Write Invalid 

tEFBWxX 

2 

— 

2 

— 

2 

— 

2 

— 



W High to LE High 

*WHLEH 

0 

— 

0 

— 

0 

— 

0 

— 



Write Pulse Width: 










ns 


LE High to W High 

tLEHWH 

12 

— 

13 

— 

15 ! 

— 

20 

— 


6 

Write Pulse Width 

*WLWH 

12 

— 

13 

— 

15 

— 

20 

— 



Write Pulse Width 

*WLEF 

12 

— 

13 

— 

15 

— 

20 

— 


9 

Enable to End of Write 

tETWH 

12 

— 

13 

— 

15 

— 

20 

— 


8 

Enable to End of Write 

*ETEF 

12 

— 

13 

— 

15 

— 

20 

— 


8,9 

Latch Enable High Pulse Width 

tLEHLEL 

5 

— 

5 

— 

5 

— 

5 

— 

■os 


Output Buffer Control: 












W High to Output Valid 

tWHQV 

12 

— 





25 




W High to Output Active 

*WHQX 

5 

— 





5 




W Low to Output High-Z 

tWLQZ 

0 

9 





0 





NQTES: __ _____ 

1 . A write occurs during the overlap of ET, W low and BWx low. An aborted write occurs when BWx remians at V|j-j while W is low. 

2. Write must be equal to Vjh for all address transitions. 

3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

4. EF is defined by E going high or E going low. 

5. All write cycle timing is referenced from the last valid address to the first transitioning address. 

6. All latched inputs must meet the specified setup and hold times with stable logic levels for ALL falling edges of latch enable (LE) and data 

latch enable (DL). 

7. If G goesjow coincident with or after W goestow, the output will remain in a high impedance state 

8. If E and E goes true coincident with or after W_goes low the output will remain in a high impedance state. 

9. If E or E goes false coincident with or before W goes high the output will remain in a high impedance state. 

1 0. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. 

At any given voltage and temperature, ty\/LQz is less than tyvHQX f° r a 9 iven device. 
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LE 

(LATCH ENABLE) 


A (ADDRESS) 


E 

(CHIP ENABLE) 


W 

(WRITE ENABLE) 


BWx (BYTE 
WRITE ENABLE) 


DATA-IN 


DL (DATA 
LATCH ENABLE) 


Q (DATA OUT) 


G 

(OUTPUT ENABLE) 


LATCHED V 




CYCLES 
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R3000 Application Example with 128K Byte Segregated Instruction/Data Cache 
Using Eight Motorola MCM62995 Latched SRAMs 

V CC V CC 



Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


MCM 62995A FN XX 


Speed (12 = 12 ns, 17 = 17 ns, 20 = 20 ns, 
25 = 25 ns) 

Package (FN = PLCC) 


Full Part Numbers— MCM62995AFN12 MCM62995AFN15 MCM62995AFN20 MCM62995AFN25 
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Product Preview 

16K x 16 Bit Asynchronous Address 
Fast Static RAM 

The MCM62996 is a 262,144 bit static random access memory organized as 16,384 
words of 16 bits, fabricated using Motorola’s high-performance silicon-gate CMOS 
technology. The device integrates a 16K x 16 SRAM core with active high and active 
low chip enables, separate upper and lower byte write strobes, and a fast output 
enable. This device has increased output drive capability supported by multiple power 
pins. In addition, the output levels can be either 3.3 V or 5 V TTL compatible by choice 
of the appropriate out put bu s p ower s upply. 

Dual write str obes ( BWL and BWH) are provided to allow ind ividua lly 
writeable bytes. BWL controls DQ0-DQ7, the lower bits. While BWH con- 
trols DQ8-DQ15, the upper bits. 

Additional power supply pins have been utilized and placed on the pack- 
age for maximum performance. In addition, the output buffer power pins 
are electrically isolated from the other two and supply power only to the 
output buffers. This allows connecting the output buffers to 3.3 V instead of 
5.0 V if desired. If 3.3 V output levels are chosen, the output buffer imped- 
ance in the “high” state is approximately equal to the impedance in the 
“low” state thereby allowing simplified transmission line terminations. 

The MCM62996 will be available in a 52-pin plastic leaded chip carrier 
PLCC. 

This device is ideally suited for systems which require wide data bus 
widths, cache memory, and tag RAMs. 

• Single 5 V ±1 0% Power Supply 

• Choice of 5 V or 3.3 V ±10% Power Supplies for Output Buffers 

• Fast Access Times: 1 2/1 5/20/25 ns Max 

• Byte Writeable via Dual Write Strobes with Abort Write Capability 

• Common Data Inputs and Data Outputs 

• Output Enable Controlled Three-State Outputs 

• High Output Drive Capability: 85 pF/Output at Rated Access Time 

• High Board Density 52 PLCC Package 

BLOCK DIAGRAM 




FN PACKAGE 
52-LEAD PLCC 
CASE 778 


< < k 


PIN ASSIGNMENT 


o GO o CM CO 

llcoloo ^ >°l § >^l CD < < LU 





PIN NAMES 

A0-A13 ... 


W 


BWL 

Byte Write Strobe Low 

BWH 

Byte Write Strobe High 

E 

. . . Active High Chip Enable 

E 

. . . Active Low Chip Enable 

G 

Output Enable 

DQ0-DQ15 

Data Input/Output 

v cc 

+ 5 V Power Supply 

V CCQ • • • • 

Output Buffer Power Supply 

v ss 

Ground 

V SSQ 

Output Buffer Ground 

NC 

No Connection 


All power supply and ground pins must be 
connected for proper operation of the de- 
vice. Vqq > Vqqq at all times including 
power up. 


W BWL BWH 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE (See Notes) 


E 

W 

BWL 

BWH 

G 

Mode 

Supply 

Current 

I/O 

Status 

F 

X 

X 

X 

X 

Deselected Cycle 

*SB 

High-Z 

T 

H 

X 

X 

H 

Read Cycle 

! CC 

High-Z 

T 

H 

X 

X 

L 

Read Cycle 

•cc 

Data Out 

T 

L 

L 

L 

X 

Write Cycle All Bits 

! cc 

High-Z 

T 

L 

H 

H 

X 

Aborted Write Cycle 

•cc 

High-Z 

T 

L 

L 

H 

X 

Write Cycle Lower 8 Bits 

•cc 

High-Z 

T 

L 

H 

L 

X 

Write Cycle Upper 8 Bits 

... JfiC.. J 

High-Z 


NOTE: True (T) is E = 1 and E = 0. E, E, and addresses satisfy the specified setup and hold 
times for the falling edge of LE. Data-in satisfies the specified setup and hold times 
for falling edge of DL. 


ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to V ss = V SS q = 0 V) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V CC 

- 0.5 to + 7.0 

V 

Voltage Relative to Vgs/VSSQ f° r Any 

Pin Except Vqq and Vqqq 

< 

< 

o 

c 

-0.5 to 

V C C + 0-5 

V 

Output Current (per I/O) 

•out 

±20 

mA 

Power Dissipation (T A = 70°C) 

PD 

2.0 

W 

Temperature Under Bias 

T bias 

-10 to + 85 

°C 

Operating Temperature 

TA 

0 to + 70 

°c 

Storage Temperature 

Islfl 

-55 to + 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


This device contains circuitry to pro- 
tect the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal pre- 
cautions be taken to avoid application of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. 

This CMOS memory circuit has been 
designed to meet the dc and ac specifi- 
cations shown in the tables, after ther- 
mal equilibrium has been established. 

This device contains circuitry that will 
ensure the output devices are in High-Z 
at power up. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = Vqcq = 5.0 V ±10%, T A = 0to +70°C, Unless Otherwise Noted) 

RECOMMENDED OPERATING CONDITIONS (Voltages referenced to V§s = V SSQ = 0 V) 


Parameter 

Symbol 

TYp 

Min 

Max 

Unit 

Supply Voltage (Operating Voltage Range) 

V CC* 

5.0 

4.5 

5.5 

V 

Output Buffer Supply Voltage (5.0 V TTL Compatible) 

V CCQ 

5.0 




(3.3 V 50 Q Compatible) 


3.3 




Input High Voltage 

V|H 

3.0 

2.2 

Vcc + 0.3 

V 

Input Low Voltage 

VlL 

0.0 

- 0.5* 

0.8 

V 


*V|L(min) = - 3.0 V ac (pulse width <20 ns) 


DC CHARACTERISTICS 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Input Leakage Current (All Inputs, Vj n = 0 to Vqc) 

■HI 

— 

— 

±1.0 

PA 


HI 

— 

— 

±1.0 

warn 

AC Supply Current (G = V|[_, l out = 0 mA, All Inputs = V||_ or Vjh, 

•CCAI 2 

310 

— 


mA 

V|L = 0 V and Vm £ 3.0 V Cycle Time > t A v A v min) 

•CCA15 

300 

— 




•CCA20 

290 

— 




•CCA25 

280 

— 

360 


Standby Current (E = V||_, E = Vjh, l 0 ut = 0 mA . All Inputs = V|[_ and V|h, 

•SB 

50 

— 

70 

mA 

V|L = 0 V and Vjh > 3.0 V Cycle Time > t A v A v min) 






Output Low Voltage (Iql = + 8.0 mA) 

v OL 

— 

— 

0.4 

V 

Output High Voltage (Iqh = - 4 0 mA ) 

V OH 

— 

2.4 

— 

V 


CAPACITANCE (f = 1 .0 MHz, dV = 3.0 V, T A = 25°C, Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (All Pins Except DQ0-DQ1 5) 

c in 

4 

6 

WM 

Input/Output Capacitance (DQ0-DQ15) 

Ppyt . 

8 

10 

wm 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V C C = 5.0 V ±10%, Vqqq = 3.3 V or 5.0 V ±10%, T A = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 1 .5 V Output Timing Reference Level 1 .5 V 

Input Pulse Levels 0 to 3.0 V Output Load See Figure 1 Unless Otherwise Noted 

Input Rise/Fall Time 3 ns 


READ CYCLE TIMING (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM62996-12 

MCM62996-15 

MCM62996-20 

MCM62996-25 

Unit 


Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Times 

*AVAV 

15 

— 

15 

— 

20 

— 

25 

— 


4 

Access Times: 

mu 

H 


mm 


m 


mi 


ns 


Address Valid to Output Valid 

IS 

■ /-A 



15 



i 

25 



E, E "True” to Output Valid 


. : 



15 



HI 

25 




BaEM 

mi 


■ 

6 

E 


E 

10 



Output Hold from Address Change 

EH 9 

4 

— 

4 

— 

4 

— 

4 

— 



Output Buffer Control: 









mu 


6 

E, E “True” to Output Active 

tETQX 

2 


2 


2 



i 

HI 


G Low to Output Active 

*GLQX 

2 

I . 

2 


0 



n 



E, E “False” to Output High-Z 

tEFQZ 

2 

9 

2 


0 




■ 


G High to Output High-Z 


2 

5 

2 


0 




■ 


Power Up Time 

IS9 

0 

— 

0 

- 

0 


0 

— 




NOTES: 


1 . Write Enable is equal to V|h for all read cycles. 

2. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

3. EF is defined by E going high or E going low. 

4. All read cycle timing is referenced from thejast valid address to the first transitioning address. 

5. Addresses valid prior to or coincident with E going low or E going high. 

6. Transition is measured ±500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. 
At any given voltage and temperature, tgFQZ is ,ess than tETQX and 1GHQZ is ,ess than *GLQZ t° r a 9' ven device. 


READ CYCLE 


A (ADDRESS) 


E (CHIP ENABLE) 


Q (DATA OUT) 


G (OUTPUT 
ENABLE) 



W 

(WRITE ENABLE) 






BWx (BYTE 
WRITE ENABLE) 
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WRITE CYCLE TIMING (See Notes 1 , 2, 3, and 4) 


Parameter 

Symbol 

MCM62996-12 

MCM62996-15 

MCM62996-20 

MCM62996-25 

Unit 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Times 

*AVAV 

15 

— 

15 

— 

20 

— 

25 

— 

ns 

5 

Setup Times: 










ns 


Address Valid to End of Write 

*AVWH 

10 

— 

13 

— 

15 

— 

20 

— 



Address Valid to End of Write 

tAVEF 

10 

— 

13 

— 

15 

— 

20 

— 



Address Valid to W Low 

*AVWL 

0 

_ 

0 

— 

0 

— 

0 

— 



Address Valid to E, E “True” 

tAVET 

0 

— 

0 

— 

0 

— 

0 

— 



Data Valid to W High 

tDVWH 

4 

— 

6 

— 

8 

__ 

10 

— 



Data Valid to E or E “False” 

tDVEF 

6 

— 

6 

— 

8 

— 

10 

— 



Byte Write Low to W High 

tBWxLWH 

6 

— 

6 

— 

8 

— 

10 

— 



Byte Write High to W Low (Abort) 

tBWxHWL 

0 

— 

0 

— 

0 

— 

0 

— 



Byte Write Low to E, E “False” 

tBWxLEF 

6 


6 


8 


10 




Hold Times: 










ns 


W High to Address Invalid 

tWHAX 

0 

— 

0 

— 

0 

— 

0 

— 



E, E “False” to Address Invalid 

*EFAX 

0 

— 

0 

— 

0 

— 

0 

— 



W High to Data Invalid 

*WHDX 

0 

— 

0 

— 

0 

— 

0 

— 



E, E “False" to Data Invalid 

tEFDX 

0 

— 

0 

— 

0 

— 

0 

_ 



W High to Byte Write Invalid 

tWHBWxX 

2 

— 

2 

— 

2 

— 

2 

— 



E, E “False” to Byte Write Invalid 

tEFBWxX 

2 

— 

2 

— 

2 

— 

2 

— 



Write Pulse Width: 










ns 


Write Pulse Width 

*WLWH 

12 

— 

13 

— 

15 

— 

20 

— 



Write Pulse Width 

*WLEF 

12 

— 

13 

__ 

15 

_ 

20 

— 


8 

Enable to End of Write 

*ETWH 

12 

— 

13 

— 

15 

— 

20 

— 


7 

Enable to End of Write 

*ETEF 

12 

— 

13 

— 

15 

— 

20 

— 


7,8 

Output Buffer Control: 










ns 


W High to Output Valid 

*WHQV 

12 

— 

18 

— 

20 

_ 

25 

_ 



W High to Output Active 

tWHQX 

5 

— 

5 

— 

5 

— 

5 

— 


9 

W Low to Output High-Z 

*WLQZ 

0 

9 

0 

9 

0 

9 

0 

10 


6,9 


NOTES: 

1 . A write occurs during the overlap of ET, W low and BWx low. An aborted write occurs when BWx remains at V|h while W is low. 

2. Write must be equal to V|h for all address transitions. __ 

3. ET is defined by E going low coincident with or after E goes high, or E going high coincident with or after E goes low. 

4. EF is defined by E going high or E going low. 

5. ANwrite cycle timing is referenced from the last valid address to the first transitioning address. 

6. If G goesjow coincident with or after W goesjow, the output will remain in a high-impedance state. 

7. If E and E goes true coincident with or after W_goes low the output will remain in a high-impedance state. 

8. If E or E goes false coincident with or before W goes high the output will remain in a high-impedance state. 

9. Transition is measured ± 500 mV from steady-state voltage with output load of Figure 1 B. This parameter is sampled and not 1 00% tested. 
At any given voltage and temperature, twi_QZ is ,ess than *WHQX * or a 9 iven device. 
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WRITE CYCLE 



AC TEST LOADS 


+ 5 V 



480 Q 


85 pF 

(INCLUDING 
SCOPE AND JIG) 


+ 5 V 



480 Q 


5pF 

(INCLUDING 
SCOPE AND JIG) 



Figure 1A 


Figure IB 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 

(Order by Full Part Number) 


EN M 


Speed (12 = 12 ns, 15 = 15 ns, 20 = 20 ns 
25 = 25 ns) 

Package (FN = PLCC) 


Full Part Numbers— MCM62996FN 12 MCM62996FN15 MCM62996FN20 MCM62996FN25 
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Product Preview 

1 Megabit Static Random Access 
Memories with ECL I/O 

ECL 101 K Levels (ECL 100K @ - 5.2 V) Are Required 

The MCM101510 is a 1 ,048,576 bit static random access memory organized as 
1 ,048,576 x 1 bits. This device is fabricated using high performance silicon-gate 
BiCMOS technology. Static design eliminates the need for external clocks or timing 
strobes. This device operates with a supply voltage of - 5.2 V ± 5% yet the input and 
output voltage levels are temperature compensated 100K ECL compatible. 

This device meets JEDEC standards for functionality and revolutionary pinout, and is 
available in a 28 lead flatpack. 

• Fast Access Times: 10, 12 ns 


BLOCK DIAGRAM 



MCM101510 




PIN NAMES 


A0-A19 Address Input 

S Chip Select 

W Write Enable 

D Data Input 

Q Data Output 

Vg£ - 5.2 V Power Supply 

Vqq Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 


MOTOROLA MEMORY DATA 






MCM101510 


TRUTH TABLE (X » Don't Care) 


s 

W 

D 

Q 

Mode 

Vee Current 

Cycle 

H 

X 

X 

L 

Not Selected 

>EE 

— 

L 

L 

X 

L 

Write 

'EE 

Write Cycle 

L 

H 

X 

Q 

Read 

‘EE 

Read Cycle 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to these high imped- 
ance circuits. 

This BiCMOS memory circuit has been 
designed to meet the dc and ac specifica- 
tions shown in the tables, after thermal equi- 
librium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vcc = 0 V, Vee = -5.2 V, T a = 0 to +70°C, Unless Otherwise Noted) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


Parameter 


Typ 


Max 


Supply Voltage 

V EE 

-5.2 

-5.46 

-4.94 

V 

Output High Voltage 

v OH 

— 


-880 


Output Low Voltage 

vql 

— 

-1810 

-1620 


Output High Corner Voltage 


— 


— 


Output Low Corner Voltage 

v OLC 

— 

- 

-1610 


Input High Voltage 


— 

-1165 

-880 


Input Low Voltage 

V|L 

— 

-1810 

-1475 

K&S 

Input Low Current 

ML 

— 

-50 

— 

MM 

Input High Current 

«IH 

— 

_ 

220 

■91 

Chip Select Input Low Current 

■ffiiA 

— 

0.5 

170 


Operating Power Supply Current: f 0 = 50 MHz (All Outputs Open) 

m 

m 

— 

-165 

— 


Quiescent Power Supply Current: f 0 = 0 MHz 
(All Inputs and Outputs Open) 

•eeq 

— 

-145 

— 

mA 

Voltage Compensation (Vqh) 

AVqh/AVee 

35 mV/V @ - 4.75 to - 5.46 

Voltage Compensation (Vql) 

av ol /av ee 

140 mV/V @ - 4.75 to -5.46 


CAPACITANCE (Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Address and Data Input Capacitance 

Cin 

— 

4 

PF 

Control Pin Input Capacitance 

Cin 

— 

6 

PF 

Output Capacitance 

c out 

— 

5 

PF 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Vee Pin Potential (to Ground) 

< 

m 

m 

-7.0 to +0.5 

V 

Input Voltage (dc) 

Vjn> V out 

Vee~ 0-5 to +0.5 

V 

Output Current (dc, Output High) 

•out 

-50 

mA 

Power Dissipation 

Pd 

2.0 

W 

Case Temperature Under Bias 

T bias 

-10 to + 100 

°C 

Operating Temperature 

Ta 

0 to +70 

°C 

Storage Temperature 

Istg 

-55 to +125 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V^e = - 5.2 V ± 5%, Vqq = 0 V, Ta = 0 to +70°C, Unless Otherwise Noted) 

Input Timing Measurement Reference Level 50% Output Timing Measurement Reference Level 50% 

Input Pulse Levels - 1 .7 V to - 0.9 V (See Figure 1) AC Test Circuit See Figure 2 

Input Rise/Fall Time 1 ns 


READ CYCLE TIMING (See Note 1) 


Parameter 

Symbol 

MCM101510-10 

MCM101510-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Read Cycle Time 

*AVAV 

*RC 

10 

— 

12 

“ — 

ns 

2 

Address Access Time 

tAVQV 

*AA 

— 

10 

— 

12 

ns . 


Select Access Time 

tSLQV 

tACS 

— 

7 

— 

8 

ns 


Output Hold from Address Change 

*AXQX 

*OH 

2 

— 

2 

— 

ns 


Select High to Output Low 

tSHQL 

*RCS 

2 

8 

2 

8 

ns 



NOTES: 

1 . W is high for read cycle. 

2. All read cycle timings are referenced from the last valid address to the first transitioning address. 

3. Device is continuously selected (S = V|l). _ 

4. Addresses valid prior to or coincident with S going low. 


READ CYCLE 1 (See Note 3) 


A (ADDRESS) ^ 

-* t AV AV ► 

— 

cz 


k *AXQX ► 

1 

Q (DATA OUT) PREVIOUS DATA VALID ^ 

(XXXXX) 

^ DATA VALID 


[* tAVQV ► 



READ CYCLE 2 (See Note 4) 


S (CHIP SELECT) 


Q (DATA OUT) 



tSLQV 




DATA VALID 


i 


AC TEST CONDITIONS 



tp = Rise Time 
tp = Fall Time 

50% = Timing Reference Levels 


V C C 



R L = 50 Q 

Cl = 30 pF (Including Scope and Jig) 


Figure 1. Input Levels 


Figure 2. AC Test Circuit 
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WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM101510-10 

MCM101510-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

UVAV 

*WC 

10 

— 

12 

— 

ns 

2 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

tAVWH 

UW 

5 

— 

6 

— 

ns 


Write Pulse Width 

*WLWH 

t W p 

5 


6 

— 

ns 


Write Pulse Width 

*WLSH 

t W p 

5 


6 

— 

ns 


Data Valid to End of Write 

*DVWH 

*DW 

5 

— 

6 

— 



Data Hold Time 

*WHDX 

*DH 

0 

— 

0 

— 

ns 


Write Recovery Time 

*WHAX 

tWHA 

0 

— 

0 

— 

ns 


Write Low to Output Low 

tWLQL 

l WS 

2 

8 

2 

8 

ns 


Write High to Output Valid 

tWHQV 

*WR 

— 

10 

— 

12 

ns 


Write High to Output Active 

tWHQX 

! WX 

3 

— 

3 

— 

ns 



N0TES: 

1 . A write occurs during the overlap of S low and W low. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 


WRITE CYCLE 2 (S Controlled, See Note 1 ) 


Parameter 

Symbol 

MCM101510-10 

MCM101510-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

twc 

10 

— 

12 

— 

ns 

2 

Address Setup Time 

*AVSL 

Us 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVSH 

*AW 

5 

— 

6 

— 

ns 


Select to End of Write 

*SLSH 

tew 

5 

— 

6 

— 

ns 


Select to End of Write 

tSLWH 

tew 

5 

— 

6 

— 



Data Valid to End of Write 

tDVSH 

tDW 

5 

— 

6 

— 

ns 


Data Hold Time 

*SHDX 

tDH 

0 

— 

0 

— 

ns 


Write Recovery Time 

.... ( SHAX 

tSHA 

0 

— 

0 

— 

ns 



NOTES: 

1 . A write occurs during the overlap of S low and W low. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
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WRITE CYCLE 1 


A (ADDRESS) 


S (CHIP SELECT) 


D (DATA IN) 


W (WRITE ENABLE) 


Q (DATA OUT) 




Q (DATA OUT) 




MCM101510 


Motorola Memory Prefix 
Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


1Q151Q 






Speed (10 = 10 ns, 12 = 12 ns) 
Package (Flat Pack) 


Full Part Numbers: MCM1 01 51 0FG1 0 MCM1 01 51 0FG1 2 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Product Preview 

1 Megabit Static Random Access 
Memories with ECL I/O 

ECL 101K Levels (ECL 100K @ - 5.2 V) Are Required 

The MCM101514 is a 1,048,576 bit static random access memory organized as 
262,144 x 4 bits. This device is fabricated using high-performance silicon-gate BiC- 
MOS technology. Static design eliminates the need for external clocks or timing 
strobes. This device operates with a supply voltage of - 5.2 V ± 5% yet the input and 
output voltage levels are temperature-compensated 100K ECL compatible. 

This device meets JEDEC standards for functionality and revolutionary pinout, and is 
available in a 32-lead flatpack and a 400-mil plastic small-outline J-leaded package. 

• Fast Access Times: 10, 12 ns 


BLOCK DIAGRAM 



MCM101514 



PIN ASSIGNMENTS 

A [ 

i* 

32 

] A 

A [ 

2 

31 

] A 

A [ 

3 

30 

] A 

A [ 

4 

29 

3 A 

SC 

5 

28 

3 A 

DO [ 

6 

27 

3 D3 

Q0[ 

7 

26 

] Q3 

v ccE 

8 

25 

]V EE 

Vee[ 

9 

24 

3 v cc 

QIC 

10 

23 

3 Q2 

Die 

11 

22 

] D2 

W[ 

12 

21 

3 A 

AC 

13 

20 

3 A 

AC 

14 

19 

3 a 

AC 

15 

18 

3 a 

AC 

16 

17 

3 A 


PIN NAMES 


A0-A1 7 Address Input 

S Chip Select 

W Write Enable 

D0-D3 Data Input 

Q0-Q3 Data Output 

Vee - 5.2 V Power Supply 

Vqq Ground 


This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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TRUTH TABLE (X . Don't Care) 


s 

W 

D 

Q 

Mode 

Vgg Current 

Cycle 

H 

X 

X 

L 

Not Selected 

'EE 

— 

L 

L 

X 

L 

Write 

m 

m 

Write Cycle 

L 

H 

X 

Q 

Read 

m 

m 

Read Cycle 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to these high imped- 
ance circuits. 

This BiCMOS memory circuit has been 
designed to meet the dc and ac specifica- 
tions shown in the tables, after thermal equi- 
librium has been established. The circuit is in 
a test socket or mounted on a printed circuit 
board and transverse air flow of at least 500 
linear feet per minute is maintained. 


DC OPERATING CONDITIONS AND CHARACTERISTICS 

(Vqc = 0 V, Vee = -5.2 V, Ta = 0 to +70°C, Unless Otherwise Noted) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


Parameter 

Symbol 

Typ 

Min 

Max 

Unit 

Supply Voltage 

Vee 

-5.2 

-5.46 

-4.94 

V 

Output High Voltage 

v OH 

— 

-1025 

-880 

mV 

Output Low Voltage 

v OL 

— 

-1810 

-1620 

mV 

Output High Corner Voltage 

v OHC 

__ 

-1035 

— 

mV 

Output Low Corner Voltage 

v OLC 

— 

— 

-1610 

mV 

Input High Voltage 

V|H 

— 

-1165 

-880 

mV 

Input Low Voltage 

V| L 

— 

-1810 

-1475 

mV 

Input Low Current 

ML 

— 

-50 

— 

pA 

Input High Current 

>IH 

— 

— 

220 

pA 

Chip Select Input Low Current 

hL(CS) 

— 

0.5 

170 

PA 

Operating Power Supply Current: f 0 = 50 MHz (All Outputs Open) 

lEE 

— 

-180 

— 

mA 

Quiescent Power Supply Current: f 0 = 0 MHz 
(All Inputs and Outputs Open) 

! eeq 

— 

-160 

— 

mA 

Voltage Compensation (Vqh) 

AVqh/AVee 

35 mV/V@- 4.75 to -5.46 

Voltage Compensation (Vql) 

av ol /av ee 

140 mV/V@- 4.75 to -5.46 



ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Vee Pin Potential (to Ground) 

vee 

-7.0 to + 0.5 

V 

Input Voltage (dc) 

Vin. V 0 ut 

v E e~ o.5 t0+ 

j V 

Output Current (dc, Output High) 

taut 

-50 

mA 

Power Dissipation: Flatpack 

SOJ 

PD 

2.0 

1.2 

W 

Case Temperature Under Bias Flatpack 

SOJ 

Tbias 

-10 to +100 
-10 to + 85 

°C 

Operating Temperature 

t a 

0 to +70 

°c 

Storage Temperature 

Istg 

-55 to +125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED OPER- 
ATING CONDITIONS. Exposure to higher than recommended voltages for 
extended periods of time could affect device reliability. 


CAPACITANCE (Periodically Sampled Rather Than 100% Tested) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Address and Data Input Capacitance 

c in 

— 

4 

PF 

Control Pin Input Capacitance 

Cin 

— 

6 

PF 

Output Capacitance 

c out 

— 

5 

PF 
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AC OPERATING CONDITIONS AND CHARACTERISTICS 

(V EE = - 5.2 V ± 5%, Vcc * 0 V, T a = 0 to +70°C, Unless Otherwise Noted) 

Input Tinning Measurement Reference Level 50% Output Timing Measurement Reference Level 50% 

Input Pulse Levels -1 .7 V to - 0.9 V (See Figure 1 ) AC Test Circuit See Figure 2 

Input Rise/Fall Time 1 ns 


READ CYCLE TIMING (See Note 1) 


Parameter 

Symbol 

MCM101514-10 

MCM101514-12 





Min 

Max 



Read Cycle Time 


*RC 

10 

— 


— 

m 

2 

Address Access Time 


tAA 

— 

10 

— 

12 

B9I 


Select Access Time 



— 

7 

— 

8 

umi 


Output Hold from Address Change 

tAXQX 

tQH 

2 

— 

2 

— 



Select High to Output Low 


BEH§§i 

2 

8 

2 

8 

n 



NOTES: 

1 . W is high for read cycle. 

2. All read cycle timings are referenced from the last valid address to the first transitioning address. 

3. Device is continuously selected (S = Vjl). _ 

4. Addresses valid prior to or coincident with S going low. 


READ CYCLE 1 (See Note 3) 



\* { AVAV mi 


A (ADDRESS) ^ 

) 

( 


«• t AX QX ► 


Q (DATA OUT) PREVIOUS DATA VALID ^ 

(XXXXXX 


•tAVQV 


READ CYCLE 2 (See Note 4) 


S (CHIP SELECT) 


Q (DATA OUT) 




DATA VALID 




AC TEST CONDITIONS 



tR = Rise Time 
t E = Fall Time 

50% = Timing Reference Levels 


Figure 1. Input Levels 



R|_ = 50 Q 

Cj_ = 30 pF (Including Scope and Jig) 


Figure 2. AC Test Circuit 
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WRITE CYCLE 1 (W Controlled, See Note 1) 


Parameter 

Symbol 

MCM1 01 514-10 

MCM101514-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

*AVAV 

*WC 

10 

— 

12 

— 

ns 

2 

Address Setup Time 

*AVWL 

*AS 

0 

— 

0 

— 

ns 


Address Valid to End of Write 

*AVWH 


5 

— 

6 

— 

El 


Write Pulse Width 

*WLWH 


5 

— 

6 

— 

ns 


Write Pulse Width 

tWLSH 

t W p 

5 

— 

6 

— 

ns 


Data Valid to End of Write 

*DVWH 

*DW 

5 

— 

6 

— 

IPS 


Data Hold Time 

E 

*DH 

0 

— 

0 

— 

ns 


Write Recovery Time 


*WHA 

0 

— 

0 

— 

ns 


Write Low to Output Low 



2 

8 

2 

8 

ns 


Write High to Output Valid 

E I 


— 

10 

— 

12 



Write High to Output Active 

BWWM 


3 

— 

3 

— 

E3i 



NOTES: _ _ 

1 . A write occurs during the overlap of S low and W low. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 


WRITE CYCLE 2 (S Controlled, See Note 1) 


Parameter 

Symbol 

MCM101514-10 

MCM101514-12 

Unit 

Notes 

Standard 

Alternate 

Min 

Max 

Min 

Max 

Write Cycle Time 

m&m 

twc 

10 

— 

12 

— 

■9 

2 

Address Setup Time 

Bgjp 

l AS 

0 

— 

0 

— 

E 


Address Valid to End of Write 

E8BBE 

*AW 

5 

— 

6 

— 

EE 


Select to End of Write 

BE 


5 

— 

6 

— 



Select to End of Write 



5 

— 

6 

— 



Data Valid to End of Write 


*DW 

5 

— 

6 

— 

ns 


Data Hold Time 

tSHDX 

*DH 

0 

— 

0 

— 

ns 


Write Recovery Time 

tSHAX 

tSHA 

0 

— 

0 

— 

ns 



NOTES: 

1 . A write occurs during the overlap of S low and W low. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
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Motorola Memory Prefix . 


Part Number 


ORDERING INFORMATION 
(Order by Full Part Number) 


1.0 1 , 514 XX XX 


XX 

T_ 


Shipping Method (R2 = Tape and Reel, Blank = Rails) 
Speed (10 = 10 ns, 12 = 12 ns) 

Package (WJ = 400 mil SOJ, FG = Flat Pack) 


Full Part Numbers: MCM101514WJ10 

MCM101514WJ10R2 

MCM101514FG10 


MCM101514WJ12 

MCM101514WJ12R2 

MCM101514FG12 
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Military Products 


MOTOROLA MEMORY DATA 


8-1 






MOTOROLA MEMORY DATA 


8-2 



MILITARY PRODUCTS 


MEMORIES 


JM38510/, SMD#, MIL-STD-883C 


Bipolar Memories 

Package Type and Lead Finish 

Device 

Pins 

Description 

JM38510/ 

SMD# 

883C 

DIL 

FP 

CAN 

LCCC 

10539 

16 

32 x 8-Bit ECL PROM, 17 ns 



/B 

EA 

FA 


2A 

10545 

16 

64-Bit ECL Register File, RAM, 18 ns 


5962-8856001 

/B 

EA 

FA 


2A 

10549 

16 

256 x 4-Bit ECL PROM, 30 ns 



/B 

EA 

FA 


2A 

10552 

16 

256 x 1 -Bit ECL RAM, 15 ns 



/B 

EA 

FA 


2A 

93415 

16 

1024 x 1-Bit RAM, Open-Collector 



/B 

EA 

FA 



93422 

22 

256 x 4-Bit RAM, 3-State Output, 60 ns 

23110 


/B 

WA 




93L422A 

22 

256 x 4-Bit RAM, 3-State Output, 55 ns, Low 
Power 



/B 

WA 




93L422 

22 

256 x 4-Bit RAM, 3-State Output, 75 ns, Low 
Power 

23112 


/B 

WA 




93425 

16 

1024 x 1-Bit RAM, 3-State Output 



/B 

EA 

FA 




High Speed CMOS III Cache Tag Memories 

Package Type and Lead Finish 

Device 

Pins 

Description 

JM38510/ 

SMD# 

883C 

SB 

DIL 

FP 

CAN 

LCCC 

4180-30 

22 

4K x 4 Cache Tag RAM Comparators, 30 ns 



/B 

3Q90 




4180-35 

22 

4K x 4 Cache Tag RAM Comparators, 35 ns 



/B 

3Q90 




4180-40 

22 

4K x 4 Cache Tag RAM Comparators, 40 ns 



/B 

3Q90 





CMOS DRAMs 

Package Type and Lead Finish 

Device 

Pins 

Description 

JM38510/ 

SMD# 

883C 

SB 

DIL 

FP 

CAN 

LCCC 

511000-80 

18 

1 M x 1 High Speed DRAM, Fast Page 

Mode, 80 ns 



/B 

2Q91 




511000-80 

20 

1M x 1 High Speed DRAM, Fast Page 

Mode, 80 ns 



/B 




2Q91 

511000-90 

18 

1M x 1 High Speed DRAM, Fast Page 

Mode, 90 ns 



/B 

2Q91 




511000-90 

20 

1M x 1 High Speed DRAM, Fast Page 

Mode, 90 ns 



/B 




2Q91 

511000-110 

18 

1M x 1 High Speed DRAM, Fast Page 

Mode, 110 ns 



/B 

2Q91 
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MEMORIES 
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MILITARY PRODUCTS 


MEMORIES 


JM38510/, SMD#, MIL-STD-883C 


High Speed CMOS III Static Memories 

Package Type and Lead Finish 

Device 

Pins 

Description 

JM38510/ 

SMD# 

883C 

DIL 

FP 

CAN 

LCCC 

6164-55 

28 

8K x 8 Fast Static RAM, 55 ns 


5962-8552505 

/B 

XA 




6164-55 

32 

8K x 8 Fast Static RAM, 55 ns 


5962-8552505 





YA 






/B 




UA 

6164-70 

28 

8K x 8 Fast Static RAM, 70 ns 


5962-8552504 

/B 

XA 




6164-70 

32 

8K x 8 Fast Static RAM, 70 ns 


5962-8552504 





YA 






/B 




UA 

6168-55 

20 

4K x 4 Fast Static RAM, 55 ns 


5962-8670507 


RA 



XA 






/B 

RA 



UA 

6168-70 

20 

4K x 4 Fast Static RAM, 70 ns 


5962-8670509 


RA 



XA 






/B 

RA 



UA 

6206-35 

28 

32K x 8 Fast Static RAM, 35 ns 



/B 

3Q90 




6206-35 

32 

32K x 8 Fast Static RAM, 35 ns 



/B 




4Q90 

6206-45 

28 

32K x 8 Fast Static RAM, 45 ns 


5962-8866204 


4Q90 









/B 

3Q90 




6206-45 

32 

32K x 8 Fast Static RAM, 45 ns 


5962-8866204 

/B 




4Q90 

6206-55 

28 

32K x 8 Fast Static RAM, 55 ns 


5962-8866203 


4Q90 









/B 

3Q90 




6206-55 

32 

32K x 8 Fast Static RAM, 55 ns 


5962-8866203 

/B 




4Q90 

6206-70 

28 

32K x 8 Fast Static RAM, 70 ns 


5962-8866202 


4Q90 









/B 

3Q90 




6206-70 

32 

32K x 8 Fast Static RAM, 70 ns 


5962-8866202 

/B 




4Q90 

6206-100 

28 

32K x 8 Fast Static RAM, 1 00 ns 


5962-8866201 


4Q90 









/B 

3Q90 




6206-100 

32 

32K x 8 Fast Static RAM, 1 00 ns 


5962-8866201 

/B 




4Q90 

6264-35 

28 

8K x 8 Fast Static RAM, 35 ns 


5962-8552507 

/B 

XA 




6264-35 

32 

8K x 8 Fast Static RAM, 35 ns 



/B 




4Q90 

6264-45 

28 

8K x 8 Fast Static RAM, 45 ns 


5962-8552506 

/B 

XA 




6264-45 

32 

8K x 8 Fast Static RAM, 45 ns 



/B 




4Q90 
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MILITARY PRODUCTS 


MEMORIES 


JM38510/, SMD#, MIL-STD-883C 


High Speed CMOS III Static Memories 

Package Type and Lead Finish 

Device 

Pins 

Description 

JM38510/ 

SMD# 

883C 

DIL 

FP 

CAN 

LCCC 

62L64-35 

28 

8K x 8 Fast Static RAM, 35 ns, Low Power 


5962-8552508 

/B 

XA 




62L64-35 

32 

8K x 8 Fast Static RAM, 35 ns, Low Power 



/B 




4Q90 

62L64-45 

28 

8K x 8 Fast Static RAM, 45 ns, Low Power 


5962-8552509 

/B 

XA 




62L64-45 

32 

8K x 8 Fast Static RAM, 45 ns, Low Power 



/B 




4Q90 

6268-35 

20 

4K x 4 Fast Static RAM, 35 ns 


5962-8670503 


RA 

4Q90 


XA 






/B 

RA 

4Q90 


UA 

6268-45 

20 

4K x 4 Fast Static RAM, 45 ns 


5962-8670505 


RA 

4Q90 


XA 






/B 

RA 

4Q90 


UA 

6287-35 

22 

64K x 1 Fast Static RAM, 35 ns, Low Power 


5962-8601501 


XA 



ZA 






/B 

XA 



UA 

6287-45 

22 

64K x 1 Fast Static RAM, 45 ns, Low Power 


5962-8601503 


XA 



ZA 






/B 

XA 



UA 

62L87-35 

22 

64K x 1 Fast Static RAM, 35 ns, Low Power 


5962-8601502 


XA 



ZA 






/B 

XA 



UA 

62L87-45 

22 

64K x 1 Fast Static RAM, 45 ns, Low Power 


5962-8601504 


XA 



ZA 






/B 

XA 



UA 

6288-35 

22 

1 6K x 4 Fast Static RAM, 35 ns 


5962-8685924 


TA 



UA 






/B 

XA 



UA 

6288-45 

22 

1 6K x 4 Fast Static RAM, 45 ns 


5962-8685922 

/B 

XA 



UA 






/B 

XA 



UA 

62L88-35 

22 

16K x 4 Fast Static RAM, 35 ns, Low Power 


5962-8685923 


TA 



ZA 






/B 

XA 



UA 

62L88-45 

22 

16K x 4 Fast Static RAM, 45 ns, Low Power 


5962-8685921 


TA 



ZA 






/B 

XA 



UA 

6290-35 

24 

16K x 4 FSRAM, Chip Enable/Out Enable, 

35 ns 


5962-8685918 

/B 

LA 




6290-35 

28 

16K x 4 FSRAM, Chip Enable/Out Enable, 

35 ns 


5962-8685918 

/B 




4Q90 

6290-45 

24 

16K x 4 FSRAM, Chip Enable/Out Enable, 

45 ns 


5962-8685916 

/B 

LA 




6290-45 

28 

16K x 4 FSRAM, Chip Enable/Out Enable, 

45 ns 


5962-8685916 

/B 




4Q90 
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MILITARY PRODUCTS 


MEMORIES 


JM38510/, SMD#, MIL-STD-883C 


High Speed CMOS III Static Memories 

Package Type and Lead Finish | 

Device 

Pins 

Description 

JM38510/ 

SMD# 

883C 

DIL 

FP 

CAN 

LCCC 

62L90-35 

24 

16K x 4 FSRAM, Chip Enable/Out Enable, 

35 ns, Low Power 


5962-8685917 

/B 

LA 




62L90-35 

28 

16K x 4 FSRAM, Chip Enable/Out Enable, 

35 ns, Low Power 


5962-8685917 

/B 




4Q90 

62L90-45 

24 

16K x 4 FSRAM, Chip Enable/Out Enable, 

45 ns, Low Power 


5962-8685915 

/B 

LA 




62L90-45 

28 

16K x 4 FSRAM, Chip Enable/Out Enable, 

45 ns, Low Power 


5962-8685915 

/B 




4Q90 

3Q90 

6293-30 

28 

16K x 4 Synch SRAM, Synch Output, 30 ns 



/B 

4Q90 




6293-30 

32 

16K x 4 Synch SRAM, Synch Output, 30 ns 



/B 




4Q90 

6293-35 

28 

16K x 4 Synch SRAM, Synch Output, 35 ns 



/B 

4Q90 




6293-35 

32 

16K x 4 Synch SRAM, Synch Output, 35 ns 



/B 




4Q90 

6293-40 

28 

16K x 4 Synch SRAM, Synch Output, 40 ns 



/B 

4Q90 




6293-40 

32 

16K x 4 Synch SRAM, Synch Output, 40 ns 



/B 




4Q90 

6294-30 

28 

16K x 4 Synch SRAM, Out Reg/Out 

Enable, 30 ns 



/B 

XA 




6294-30 

32 

1 6K x 4 Synch SRAM, Out Reg/Out 

Enable, 30 ns 



/B 




4Q90 

6294-35 

28 

16K x 4 Synch SRAM, Out Reg/Out 

Enable, 35 ns 



/B 

XA 




6294-35 

32 

16K x 4 Synch SRAM, Out Reg/Out 

Enable, 35 ns 



/B 




4Q90 

6294-40 

28 

16K x 4 Synch SRAM, Out Reg/Out 

Enable, 40 ns 



/B 

XA 




6294-40 

32 

16K x 4 Synch SRAM, Out Reg/Out 

Enable, 40 ns 



/B 




4Q90 

6295-30 

28 

16K x 4 Synch SRAM, Transparent Output, 

Out Enable, 30 ns 



/B 

4Q90 




6295-30 

32 

16K x 4 Synch SRAM, Transparent Output, 

Out Enable, 30 ns 


j 

/B 




4Q90 
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MILITARY PRODUCTS 


MEMORIES 

MIL-STD-883C 


High Speed CMOS III Static Memories 

Package Type and Lead Finish 

Device 

Pins 

Description 

JM38510/ 

SMD# 

883C 

DIL 

FP 

CAN 

LCCC 

6295-35 

28 

16K x 4 Synch SRAM, Transparent Output, 

Out Enable, 35 ns 



/B 

4Q90 




6295-35 

32 

16K x 4 Synch SRAM, Transparent Output, 

Out Enable, 35 ns 



/B 




4Q90 

6295-40 

28 

16K x 4 Synch SRAM, Transparent Output, 

Out Enable, 40 ns 



/B 

4Q90 




6295-40 

32 

16K x 4 Synch SRAM, Transparent Output, 

Out Enable, 40 ns 



/B 




4Q90 
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MOTOROLA CORPORATE QUALITY GOAL 


IMPROVE PRODUCT AND SERVICES QUALITY TEN TIMES BY 1989 
AND AT LEAST ONE HUNDRED FOLD BY 1991. 

ACHIEVE SIX SIGMA CAPABILITY BY 1992. 

With a deep sense of urgency, spread dedication to quality to every facet of the 
corporation and achieve a culture of continual improvement to ASSURE TOTAL 
CUSTOMER SATISFACTION. There is only one ultimate goal: zero defects in every- 
thing we do. 

signed: 


BOB GALVIN 

Chairman 

BILL WEISZ 

Vice Chairman 

JOHN MITCHELL 
President 

GEORGE FISHER 

Deputy to Chief 

Executive Office 

GARY TOOKER 

Chief to Corporate 

Staff Officer 

JACK GERMAIN 
Motorola Director 
of Quality 

JIM LINCICOME 
Government Electronics 
Group 

CARL LINDHOLM 
International 

Operations 

LEVY KATZIR 
New Enterprises 

JIM NORLING 
Semiconductor Products 
Sector 

STEVE LEVY 

Japanese Operations 

DON JONES 

Chief Financial 
Officer 

JIM DONNELLY 

Personnel 

RAY FARMER 
Communications Sector 

ED STAIANO 
General Systems 
Group 


GERHARD SCHULMEYER 
Automotive & Industrial 
Electronics Group 
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DIVISION QUALITY STATEMENT 
MOTOROLA MOS MEMORY PRODUCTS DIVISION 

COMMITMENT TO SIX SIGMA 
WORLD CLASS 

The Memory Products Division staff are pleased to announce our commitment to be a 
World Class MOS Memory supplier. This means more bullet proof designs which can tolerate 
handling, processes at the limit and beyond, and outstanding control of the manufacturing 
processes such that the integration of the design process will result in six sigma products. 

We will accomplish this through our dedication to a continuous quality improvement cul- 
ture. This will ensure our success in reaching the Motorola Corporate goal of total customer 
satisfaction. 

Through our quality improvement process using SIX SIGMA methodology we can and will 
accomplish being the best memory supplier through WORLD CLASS product margins and ser- 
vices in their truest sense. 

ENDORSEMENTS: 


Jim George 


Bud Broeker Lee Compton Roger Kung 


Mike Parks Bill Martino 


O^] 

Barry Schwiesow 
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OUR SIX SIGMA CHALLENGE 
WHAT IS SIX SIGMA? 

Six Sigma is the required capability level to approach the 
Standard. The Standard is Zero Defects. Our goal is to be 
best-in-class in Product, Sales, and Service. 

WHY SIX SIGMA? 

The performance of a product is determined by how much 
margin exists between the process characteristics required by 
the design, and the actual value of those characteristics. These 
characteristics are produced by processes in the factory, and 
at the suppliers. 

Each process attempts to reproduce its characteristics iden- 
tically from unit to unit, but within each process some variation 
does occur. For some processes, such as those which use 
real-time feedback to control the outcome, the variation is 
quite small, and for others it may be quite large. 

Variation of the process is measured in Standard Deviations 
(Sigma) from the Mean. The normal variation, defined as pro- 
cess width, is ±3 Sigma about the mean. 



Approximately 2,700 parts per million parts/steps will fall 
outside the normal variation of ±3 Sigma, see Figure 1. This, 
by itself, does not appear disconcerting. However, when we 
build a product containing 1,200 parts/steps, we can expect 
3.24 defects per unit (1200 x 0.0027), on an average. This 
would result in a rolled yield of less than 4%, which means 
fewer than 4 units out of every hundred would go through the 
entire manufacturing process without a defect, see Table 1 . 

Thus, we can see that for a product to be built virtually 
defect-free, it must be designed to accept characteristics that 
are significantly more than ±3 Sigma away from the Mean. 

It can be shown that a design that can accept twice the 
normal variation of the process, or ±6 Sigma, can be ex- 
pected to have no more than 3.4 parts per million defective 
for each characteristic, even if the process mean were to shift 
by as much as ±1.5 Sigma, see Figure 1. To quantify this. 
Capability Index (Cp) is used, where: 

c _ design specification width 
p ~ process width 


Table 1. Rolled Yield 


TOTAL 

ROLLED 

DEFECTS 

THROUGHPUT 

PER UNIT 

YIELD (%) 

5.3 

0.5 

4.6 

1.0 

3.9 

2.0 

3.5 

3.0 

3.2 

4.0 

3.0 

5.0 

2.3 

10 

1.9 

15 

1.6 

20 

1.4 

25 

1.2 

30 

1.0 

37 

0.9 

- 40 

0.8 

45 

0.7 

50 

0.6 

55 

0.51 

60 

0.43 

65 

0.36 

70 

0.29 

75 

0.22 

80 

0.16 

85 

0.10 

90 

0.05 

95 

0.00 

ioo 


ROLLED THROUGHPUT YIELD (%)= 100 e“ d < u 
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A design specification width of ±6 Sigma and a process 
width of ±3 Sigma yields a Cp of 12/6=2. However, as shown 
in Figure 2, the process mean can shift. When the process 
mean is shifted with respect to the design target mean, the 
Capability Index is adjusted with a factor k, and becomes Cpk. 
Cpk = Cp(1 -k), where: 

k process shift 

~~ design specification width /2 

The k factor for ±6 Sigma design with a 1.5 Sigma process 
shift = 1 .5/( 12/2) = 0.25, and the Cpk = 2(1- 0.25) = 1.5. 

In the same case of a product containing 1,200 parts/steps, 
we would now expect only 0.0041 defects per unit 
(1200 x 0.0000034). This would mean that 996 units out of 
1 ,000 would go through the entire manufacturing process with- 
out a defect (see Table 2). 

It is our five year goal to achieve ±6 Sigma capability in 
Product, Sales, and Service. 


Table 2. Overall Yield vs Sigma 
(Distribution Shifted ±1.5 a) 


NUMBER OF 

±3 a 

±4 a 

±5 a 

±6 a 

PARTS (STEPS) 

(%) 

(%) 

(%) 

(%) 

1 

93.32 

99.379 

99.9767 

99.99966 

7 

61.63 

95.733 

99.839 

99.9976 

10 

50.08 

93.96 

99.768 

99.9966 

20 

25.08 

88.29 

99.536 

99.9932 

40 

6.29 

77.94 

99.074 

99.9864 

60 

1.58 

68.81 

98.614 

99.9796 

80 

0.40 

60.75 

98.156 

99.9728 

100 

0.10 

53.64 

97.70 

99.966 

150 

- 

39.38 

96.61 

99.949 

200 

-- 

28.77 

95.45 

99.932 

300 

- 

15.43 

93.26 

99.898 

400 

- 

8.28 

91.11 

99.864 

500 

- 

4.44 

89.02 

99.830 

600 

- 

2.38 

86.97 

99.796 

700 

- 

1.28 

84.97 

99.762 

800 

- 

0.69 

83.02 

99.729 

900 

- 

0.37 

81.11 

99.695 

1000 

- 

0.20 

79.24 

99.661 

1200 

- 

0.06 

75.88 

99.593 

3000 

- 

- 

50.15 

98.985 

17000 

- 

- 

0.02 

94.384 

38000 

- 

- 

- 

87.880 

70000 

- 

- 

- 

78.820 

150000 

- 

- 

- 

60.000 


MEAN 



MEAN 



Figure 2b. Six Sigma Capability 
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QUALITY MONITORING 


RELIABILITY STRESS TESTS 


Average Outgoing Quality (AOQ) refers to the number of 
devices per million that are outside specification limits at the 
time of shipment. Motorola has continually improved its out- 
going quality, and has established a goal of zero defects. This 
level of quality will lead to vendor certification programs with 
many of our customers. The program ensures a certain level 
of quality, thus allowing a customer to either reduce or elim- 
inate the need for incoming inspections. 

By paying strict attention to quality at an early stage, the 
possibility of failures occurring further down the line is greatly 
minimized. Motorola's electrical parametric testing eliminates 
devices that do not conform to electrical specification. Ad- 
ditional parametric testing on a sample basis provides data for 
continued improvement. 

AVERAGE OUTGOING QUALITY (AOQ) CALCULATION 


AOQ in PPM = (Process Average) 

•(Lot Acceptance Rate)* (10®) 


Process Average = 


Total Projected Reject Devices * 
Total Number of Devices 


Projected Reject Devices = 


Defects in Sample 
Sample Size 


• Lot Size 


Total Number of Devices = Sum of all the units in each 
submitted lot 


Lot Acceptance Rate = 1 — 


Number of Lots Rejected 
Number of Lots Tested 


106= Conversion to parts per million (PPM) 


The following summary gives brief descriptions of the var- 
ious reliability tests included in both reliability qualification and 
monitor programs. Not all of the tests listed are performed by 
each program and other tests can be performed when appro- 
priate. Refer to Table 3. 


Table 3. Stresses and Typical Stress Conditions 


Stress 

Typical Stress Condition 

High Temperature Operating Life, 
Dynamic or Static 

125°C, 6.0 V 

Temperature Cycle 

-65°C to + 150°C 

Air to Air 

Thermal Shock 

- 65°C to +150°C 

Liquid to Liquid 

Temperature Humidity Bias 

85° C, 85% RH, 5.0 V 

Autoclave 

121°C, 100% RH, 15 psig 

Pressure Temperature Humidity 

Bias 

148°C, 90% RH, 

44 psig, 5.0 V 

Low Temperature Operating Life 

0°C/25°C, 6.0 V 


HIGH TEMPERATURE OPERATING LIFE 

High temperature operating life (HTOL or HTRB) testing is 
performed to accelerate failure mechanisms that are thermally 
activated through the application of extreme temperatures and 
the use of biased operating conditions. The temperature and 
voltage conditions used in the stress will vary with the product 
being stressed. However, the typical stress ambient is 125°C 
with the bias applied equal to or greater than the data sheet 
nominal value. All devices used in the HTOL test are sampled 
directly after final electrical test with no prior burn-in or other 
prescreening unless called out in the normal production flow. 
Testing can either be performed with dynamic signals applied 
to the device or in a static bias configuration. 



MARKING PERMANENCY, HERMETICITY, AND 
SOLDERABILITY MONITORS 

Marking permanency testing is performed per Motorola 
specification. The procedure involves soaking the device in 
various solvents, brushing the markings, and then inspecting 
the markings for legibility. 

Hermeticity monitoring includes tests for both f ine and gross 
leaks in the hermetic package seal. 

Solderability testing is used to ensure that device leads can 
be soldered without voids, discoloration, flaking, dewetting, 
or bridging. Typically, the test specifies steam preconditioning 
followed by a 235° to 260°C solder dip and microscope in- 
spection of the leads. 


RELIABILITY MONITORING 

Motorola recognizes the need to monitor established MOS 
Memory products to maintain the level of quality and reliability 
demonstrated through the internal and joint qualification pro- 
cesses. Motorola maintains a system of monitor programs that 
provide monthly feedback on the extensive matrix of Motorola 
fabrication, assembly, and testing technologies that produce 
our products. As with qualification activity, great care is taken 
to assure the accuracy and quality of the data generated. 


TEMPERATURE CYCLE 

Temperature cycle testing accelerates the effects of thermal 
expansion mismatch among the different components within 
a specific die and packaging system. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with the mini- 
mum and maximum temperatures being -65°Cand +150°C. 
During temperature cycle testing, devices are inserted into a 
cycling system and held at the cold dwell temperature for at 
least ten minutes. Following this cold dwell, the devices are 
heated to the hot dwell where they remain for another ten 
minute minimum time period. The system employs a circulating 
air environment to assure rapid stabilization at the specified 
temperature. The dwell at each extreme, plus the two transition 
times of five minutes each (one up to the hot dwell temper- 
ature, another down to the cold dwell temperature), constitute 
one cycle. Test duration for this test will vary with device and 
packaging system employed. 

THERMAL SHOCK 

The objective of thermal shock testing is the same as that 
for temperature cycle testing— to emphasize differences in 
expansion coefficients for components of the packaging sys- 
tem. However, thermal shock provides additional stress in that 


*AII rejects: visual, mechanical, and electrical (dc, ac, and high/low 
temperature). 
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the device is exposed to a sudden change in temperature due 
to the transfer time of ten seconds maximum as well as the 
increased thermal conductivity of a liquid ambient. This test 
is typically performed per MIL-STD-883 or MIL-STD-750 with 
the minimum and maximum temperatures being -65°C and 
+ 150°C. Devices are placed in a fluorocarbon bath and cooled 
to minimum specified temperature. After being held in the cold 
chamber for five minutes minimum, the devices are transferred 
to an adjacent chamber filled with fluorocarbon at the maxi- 
mum specified temperature for an equivalent time. Two five- 
minute dwells plus two ten-second transitions constitute one 
cycle. 

TEMPERATURE HUMIDITY BIAS 

Temperature humidity bias (THB or H 3 TRB) is an environ- 
mental test performed at a temperature of 85°C and a relative 
humidity of 85% . The test is designed to measure the moisture 
resistance of plastic encapsulated circuits. A nominal static 
bias is applied to the device to create the electrolytic cells 
necessary to accelerate corrosion of the metallization. 

AUTOCLAVE 

Autoclave is an environmental test which measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion. Conditions employed during the test in- 
clude 121 °C, 100% relative humidity, and 15 psig. Corrosion 
of the die is the expected failure mechanism. Autoclave is a 
highly accelerated and destructive test. 

PTHB (PRESSURE-TEMPERATURE-HUMIDITY-BIAS) 

This test is performed to accelerate the effects of moisture 
penetration with the dominant effect being corrosion. The test 
detects similar failure mechanisms as THB but at a greatly 
accelerated rate. Conditions usually employed during the test 
are a temperature of 148°C, pressure of 44 psig or greater, a 
relative humidity of 90%, and a bias level which is the nominal 
rating of the device. 

LOW TEMPERATURE OPERATING LIFE 

This test is performed primarily to accelerate hot carrier 
injection effects in semiconductor devices by exposing them 
to room ambient or colder temperatures with the use of biased 
operating conditions. Threshold shifts or other parametric 
changes are typically the basis for failure. The length of this 
test will vary with temperature and bias conditions employed. 

SYSTEM SOFT ERROR 

System soft error is designed to detect errors caused by 
impact ionization of silicon by high energy particles. This stress 
is performed on a system level basis. The system is operated 
for millions of device hours to obtain an accurate measure of 
actual system soft error performance. 

MECHANICAL SHOCK 

This test is typically performed per MIL-STD-883 or MIL- 
STD-750 and is used to examine the ability of the device to 
withstand a sudden change in mechanical stress typically due 
to abrupt changes in motion as seen in handling, transpor- 
tation, or actual use. The typical test condition would be as 
follows: acceleration = 1500 g, orientation = Y1 plane, t = 0.5 
ms, and number of pulses = 5. 


VARIABLE FREQUENCY VIBRATION 

This test is typically performed per MIL-STD-883 or MIL- 
STD-750 and is used to examine the ability of the device to 
withstand deterioration due to mechanical resonance. The typ- 
ical test condition is: peak acceleration =20 g, frequency 
range = 20 Hz to 20 kHz, and t=48 minutes. 

CONSTANT ACCELERATION 

This test is typically performed per MIL-STD-883 or MIL- 
STD-750 and is used to indicate structural or mechanical weak- 
nesses in a device/packaging system by applying a severe 
mechanical stress. A typical test condition used is as follows: 
stress level = 30 kg, orientation = Y1 plane, and t=1 minute. 

QUALITY SYSTEMS 

A Global Quality System is key to achieving our goal of 
"Best In Class". Quality systems are implemented in wafer 
fabrication, assembly, final test, and distribution world wide. 
Figure 3 depicts Quality Assurance involvement and the tech- 
niques applied in the general flow of product and Figure 4 
shows Memory Manufacturing locations world wide. 




QUALITY ASSURANCE TECHNIQUES | 



SAMPLING 

SPC 

MONITOR 

AUDIT 

INCOMING 

(WAFERS, CHEMICALS, 
ETC.) 


X 

X 

X 

x 



1 






WAFER FAB 


X 

X 

X 

X 

1 






| ASSEMBLY 

[+ 

X 

X 

X 

X 







| BURN-IN/TEST 

1 — 

X 

X 

X 

X 







| DISTRIBUTION 

1 — 

X 

X 

X 

X 


Figure 3. General Product Flow 


Direct Customer interaction ensures the receipt of product 
that meets all of their requirements 100% of the time. In fact, 
the MOS Memories Reliability and Quality Assurance depart- 
ment has devised a customer advocate list that assigns key 
Reliability and Quality Assurance personnel to specific cus- 
tomers in order to facilitate any inquiry regarding quality, re- 
liability, or any other issue they may want to discuss. 

All processes and procedures that relate to the manufac- 
turing of MOS Memories are fully documented, and regular 
audits are performed to ensure continuous adherence to proper 
procedures. We are always striving to produce and reproduce 
the highest quality product available throughout the world. 

MOS Memory Products Division promotes the concept of 
statistical process controls throughout the entire manufactur- 
ing process. This is exemplified by our commitment to in-depth 
statistical process control training programs for everyone— 
from the line operator to upper management. Favorable results 
have already been realized from the initial phases of imple- 
mentation, with much more to follow. 
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Figure 4. Wafer Fab/Assembly/Final Test Locations 



The MOS Memory Products Division maintains a World 
Wide Quality Assurance system that is second to none. Daily 
status reports are received from remote locations, and any 
problems that arise are tackled on a timely basis. The MOS 
Memory Products Division is also a leader in accurate and 
efficient methods of quality data collection and reporting. 

Every unit that the MOS Memory Products Division pro- 
duces is coded so that complete traceability is maintained, 
including visibility to the wafer and assembly lot level. The 
Quality System ensures that we can provide any specific pro- 
cessing information to our customers on request. 

INTERNAL QUALIFICATION DISCIPLINE 

Motorola recognizes the need to establish that all MOS 
Memory devices, both new products as well as existing ones, 
reach and maintain a level of quality and reliability that is 
unsurpassed in the electronics marketplace. To ensure this, 
internal qualification requirements, procedures, and methods 
as well as vendor qualification specifications have been de- 
veloped. These activities are intended to provide a consistent, 
comprehensive, and methodical approach to device qualifi- 
cation and to improve our customer's understanding of 
Motorola's qualification results and their subsequent appli- 
cation implications. 

For qualification results to be valid and acceptable, the col- 
lected data must be proven accurate to the highest possible 
confidence level. Therefore, a complete device history and 
data log is kept with any lost or missing data potentially leading 
to test results that are unusable for qualification purposes. 
Testing conditions and pass/fail criteria are established before 
stressing begins. Strict adherence to these criteria and the use 
of control devices insure that the test results are valid and 
meaningful. 

New MOS Memory devices which are under development 
or in the prototype stage are subject to requirements defined 
for the three levels of the development cycle. These levels are 
the alpha, beta, and introductory phases of device develop- 
ment. Each phase contains guidelines and controls concerning 


issues such as device labeling, number of customers, sample 
quantities, pricing and stocking levels, and open-order-entry 
timing. Decisions regarding these items are made jointly by 
marketing, design, product, and reliability personnel. 

JOINT QUALIFICATION 

As a result of the rigorous discipline used for internal qual- 
ification of Motorola MOS Memory products, our customers 
can benefit from joint qualification activities. Motorola's clearly 
defined qualification procedures improve the customer's ability 
to comprehend the qualification results in an effective manner 
which aides in their qualification decision making process. 
Through parallel qualification activities between Motorola and 
its customers, this procedure can cut qualification costs by 
reducing duplication of effort, improving resource utilization, 
and shortening introduction cycle time. This helps to ensure 
competitive edge advantages for our customers. 

Joint Qualification activities result in a partnership type of 
interaction between Motorola and its customers on an engi- 
neering level. This assists our customers in two critical areas. 
First, it allows them to understand more clearly the strengths 
and weaknesses of Motorola's products. Secondly, our cus- 
tomers can make clear decisions concerning which stresses 
they need to concentrate on during their internal qualification 
activities. 

HISTORICAL PERFORMANCE 

Over the course of the last five years, significant achieve- 
ments have been made on quality and delivery performance. 
The Six Sigma methodology will assist the MOS Memory 
Products Division in pursuit of our standard of zero defects 
and 100% on time delivery. 

Figure 5 indicates the product Average Outgoing Quality 
performance as measured in parts per million. 

As of October 1988 our average outgoing quality was below 
50 parts per million. We are striving to reach Six Sigma. 
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AOQ (PPM) 


1988 MALCOLM BALDRIGE 
NATIONAL QUALITY AWARD 


Motorola won the first Malcolm Baldrige National Quality quality leadership, information and analysis, planning, human 

Award. The award recognizes the achievements of U.S. man- resource utilization, quality assurance, quality improvement 

ufacturing and service companies. The award was established results, and Customer Satisfaction. Our fundamental objec- 

in 1987 to promote quality awareness, recognize the achieve- tive— Everyone's overriding responsibility is Total Customer 

ments of U.S. companies, and publicize successful quality Satisfaction. Six Sigma Quality is a key initiative for the 

strategies. Our quality process was examined for corporate achievement of our fundamental objective. 



1984 1985 1986 1987 1988 

Figure 5. Motorola MOS Memory Products Division 
Average Outgoing Quality— 4 Week Average World Memory 
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DRAMs 

Page, Nibble, and Static Column Modes: High-Speed, Serial-Access Options 
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Page, Nibble, and Static Column Modes: High- 
Speed, Serial-Access Options on 1 M-Bit + DRAMs 


The 1 M-bit and higher density DRAMs offered by Motorola, 
in addition to operating in a standard mode at advertised access 
times, have special operating modes that will significantly de- 
crease access time. These are page, nibble, and static column 
modes. All three modes are available in the 1 M x 1 configu- 
ration; page and static column modes are also available on the 
256K x 4 configuration. Read, write, and read-write operations 
can be mixed and performed in any order while these devices 
are operating in either random or special mode. 

The comments that follow refer specifically to successive 
read operations for page, nibble, and static column modes on 
the IMx 1 device. The read operation is chosen for sake of 
simplicity in illustrating these special operating modes. How- 
ever, decreased access times will occur for all operations, 
performed in any order, when the device is operated in any 
of these modes. General operating comments apply to the 
256K x 4 device as well. 

All of these special operating modes are useful in applica- 
tions that require high-speed serial access. Typical examples 
include video bit map graphics monitors or RAM disks. Page 


mode is the standard, available since the days of the 16Kx 1 
DRAM. Static column is the latest mode to be made available 
on DRAMs, and nibble mode first appeared somewhere in 
between. Page and static column offer the same column lo- 
cation access, but operate somewhat differently. Nibble is 
unlike either of the other modes, but faster than both in its 
niche. All modes are initiated after a standard read or write is 
performed. 

Page and static column modes allow access to any of 1024 
column locations on a specific row, while nibble allows access 
to a maximum of four bits. The location of the first bit in nibble 
mode determines the other bits to be accessed. Nibble mode 
allows the fastest access of the three devices (t|\|CACL all 
other parameters held equal, at about 1 /4 the standard (tRAC) 
rate. Page and static column access times (tCAC, l AA) are > 
respectively, about 1/3 and 1/2 the standard rate. 

Cycle time is a better indicator of relative speed improve- 
ment, since it measures the minimum time between any two 
successive reads. Cycle time is approximately 1 /4 for nibble 
and 1 /3 for page and static column modes, with respect to a 
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Table 1. Operating Characteristic Comparison 


Parameter 

Page 

Nibble 

Static 

Column 

Random 

Access Time (ns)* 

*CAC 

25 

_ 

- 

- 


tNCAC 

- 

20 

— 

- 


tAA 

- 

- 

45 

- 


l RAC 

- 

— 

- 

85 

Cycle Time (ns)* 

tpc 

50 

_ 

- 

- 


tNC 

- 

40 

- 

- 


tsc 

— 

— 

50 

— 


tRC 

- 

- 

— 

165 

Accessible Bits 

1024 

4 

1024 

All 

Order of Accessible Bits 

Random 

Fixed 

Random 

Random 

Conditions 

RAS 

Active 

Active 

Active 

Cycle 


CAS or CS** 

Cycle 

Cycle 

Active 

Cycle 


Addresses 

Cycle 

N/A 

Cycle 

Cycle 


Outputs 

Cycle 

Cycle 

Active 

Cycle 

Time to Read 4 Bits (ns)* 

235 



660 

Time to Read 1024 Unique Bits (ns)* 

51,235 

70,400 

51,235 

168,960 


* Values for a 1M x 1 85-ns device. **CS on Static Column. 

Page: 4 bit read = tRAC + 3tpc 

1024 bit read = tRAC + 1023tpc 


Nibble: 4 bit read = tRAC + 3tfyjc 

1024 bit read = 256- (tRAC + 3tfyjc + tRp) 

Static Column: 4 bit read = tRAC + 3tsc 

1024 bit read = tRAC + 1023tsc 


Random: 4 bit read = 4tRc 

1024 bit read= 1024tRc 
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PAGE, NIBBLE, AND STATIC COLUMN MODES . . . (AN986) 


random cycle time of 165 nanoseconds. When operated in 
these high-speed modes, users will typically access most or 
all of the bits available to that mode, once the mode has been 
initiated. Thus the best measure of speed for nibble mode is 
the rate at which four bits are read, while the rate at which 
1024 bits are read is the best measure of page or static column 
mode. When the actual operating conditions are considered, 
as described elsewhere, the difference between tcAC# tNCAC# 
and tAA measurements hold relatively little significance. 

Page mode is slightly more difficult to inter face in a system 
than static column mode due to extra CAS pulses that are 
required in page mode. Static column generates less noise 
than page mode, because output buffers and CS are always 
activ e in this mode. Noise transients, generated every time 
CAS is cycled from inactive to active, are thus eliminated in 
the static column mode. 

PAGE MODE 

Page mode allows faster access to any of the 1024 column 
locations on a given row, typically at one third the standard 
Urac) ra te f° r rando mly-p erformed operations. Page mode 
consists of cycling the CAS clock from active (low) to inactive 
(hig h) and back, and providing a column address, while holding 
the RAS clock acti ve (lo w). A new column location can be 
accessed with each CAS cycle (tpc). 

Page mode is initiated with a stan dard r ead or write oper- 
ation. Row address is latched by the RAS cloc k transition to 
active, follo wed b y column address and CAS clock active. 
Perfo rming a CAS cycle (tpc) and supplying a column address 
while RAS clock remains active constitutes the first page mode 
cycle. Subse quent page mode cycles can be performed as 
long as RAS clock is active. The first access (data valid) occurs 
at the standard rate (tRAC)- All of the read operations in page 
mode following the initial operation are measured at the faster 
rate (tCAC)# provided all other timing minimums are maintained 
(see Figure la). Page mode cycle time determines how fast 
successive bits are read (see Figure 1b). 

NIBBLE MODE 

Nibble mode allows serial access to two, three, or four bits 
of data at a much higher rate than ra ndom operations (tRAC)- 
Nib ble m ode consists of cycling the CAS clock while holding 
the RAS clock active, like page mode. Internal row and column 


address counters increment at each CAS cycle, thus no ex- 
ternal column addresses are requ ired (unlike page or static 
column modes). After cycling CAS three times in nibble mode, 
the address sequence repeats and the same four bits a re ac - 
cessed again, in serial order, upon subsequent cycles of CAS: 

00 , 01 , 10 , 11 , 00 , 01 , 10 , 11 

Nibble mode operation is initiated wi th a s tandard read or 
write cycle. Row address is latched by RAS cloc k transition 
to active, f ollow ed by column add resses and CAS clock. Per- 
forming a CAS cycle (t|\jc) while RAS clock remains active 
constitutes the first nibble mode cycle. Subs equen t nibble 
mode cycles can be performed as long as the RAS clock is 
held active. The first access (data out) occurs at the standard 
rate (tRAC)- AI1 of the read operations in nibble mode following 
the initial operation are measured at the faster rate (t|\|CAC)# 
provided all other timing minimums are maintained (see Fig- 
ure 2a). Nibble mode cycle time determines how fast succes- 
sive bits are read (see Figure 2b). 

STATIC COLUMN MODE 

This mode is useful in applications that require less noise 
than page mode. Output buffers are always on when the device 
is in this mode and CS clock is not cycled, resulting in fewer 
transients and simpler operation. It allows faster access to any 
of the 1024 column addresses on a given row, typically at half 
the standard (tRAC) rate for randomly performed operations. 
Static column consists of changing column addresses while 
holding the RAS and CS clocks active. A new column location 
can be accessed with each static column cycle (tsc)- 

Static column mode operation is initiated with a sta ndard 
read or write cycle. Row address is latched by RAS clock 
transition to active, followed by column addre sses and CS 
clock. Performing an address cycle (tsc) while RAS and CS 
clocks remain active constitutes the first static column cycle. 
Su bsequ ent static column cycles can be performed as long as 
the RAS and CS clocks are held active. The first access (data 
out) occurs at the standard (tRAC) rate. All of the read op- 
erations in static column following the initial operation are 
measured at the faster rate (tAA)# provided all other timing 
minimums are maintained (see Figure 3a). Static column cycle 
time determines how fast successive bits are read (see Fig- 
ure 3b). 



Figure la. Page Mode Read Cycle 
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PAGE, NIBBLE, AND STATIC COLUMN MODES . . . (AN986) 



Figure 3a. Static Column Mode Read Cycle 
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Figure 3b. Static Column Mode Cycle Minimum Timing 
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DRAM Refresh Modes 


DRAMs offer the lowest cost per bit of any memory, and 
for that reason are enormously popular in a wide range of 
applications. This low cost per bit is achieved with a very simple 
bit cell design, among other things, but rooted in this simplicity 
are some inherent drawbacks. One major limitation is the need 
to refresh each memory bit at regular intervals. This note 
discusses what refresh is, the reasons refresh is required for 
DRAM operation, and the various types of refresh available 
on the Motorola 1M x 1 and 256K x4 DRAMs. Specific com- 
ments refer to the 1 M x 1 85-ns DRAM . Refer to specific device 
data sheets for analogous information on other devices. 

The heart of any memory device is the bit cell. A 1 M DRAM 
has 1,048,576 of these cells in the memory array. Each cell 
holds a single bit of information in the form of a high or low 
voltage, where high voltage = a binary "1 " and low voltage = a 
binary "0". The DRAM bit cell consists of one transistor and 
one capacitor. The transistor acts as a switch, regulating when 
the capacitor will charge and discharge, while the capacitor 
stores a high or low voltage charge. 

All capacitors leak over time, slowly losing the charge stored 
in them, regardless of how carefully they are constructed. 
Junction and dielectric leakage are two capacitor discharge 
paths that are characteristic of the DRAM bit cell, and both 
are affected by temperature. The capacitor in the bit cell can 
hold a small charge, on the order of 35-125 fF (fF = 1 x 10“ ^ 
farads). As this charge dissipates through leakage paths, the 
small difference between a "1" and a "0" diminishes. If nothing 
is done to restore the charge on the capacitor to its initial 
value, the sensing circuitry on the DRAM will eventually be 
unable to detect a charge difference and will read the cell as 
a "0". 

Thus, all the capacitors in the memory array must be pe- 
riodically recharged, or refreshed. Refresh is accomplished by 
accessing each row in the array, one row at a time. When a 
row is accessed, it is turned on, and voltage is applied to the 
row, recharging each capacitor on the row to its initial value. 
Specified refresh time on the 1M x 1 DRAM is 8 milliseconds; 
every row must be recharged every 8 milliseconds. This is a 
vast improvement over refresh times required for earlier gen- 
erations of DRAMs. The 16K x 1 DRAM required refresh every 
2 milliseconds, the 256K x 1 DRAM requires a refresh every 4 
milliseconds. Longer refresh times mean more time available 
for access to memory, and less time required to refresh the 
device. 

Design and operation of the DRAM allow only one row to 
be refreshed at a time; 512 refresh cycles are required to refresh 
the entire IMxl memory array. The array is actually 1024 
rows by 1024 columns, but it operates electrically like two half 
arrays of 512 rows by 1024 columns. During refresh, every row 
is treated as if it runs through both halves of the array, re- 
freshing 2048 column locations (bit cells) per row. This design 
results in fewer refresh cycles required to recharge the entire 
array, since only 512 rows need to be accessed, rather than 
1024. 


Refresh can be performed in either a single burst of 512 
consecutive refresh cycles (one cycle per row) every 8 milli- 
seconds, or distributed over time, one refresh cycle every 15 
microseconds (8 milliseconds per 512 rows = 15.6 microse- 
conds per row) on average, or some combination of these two 
extremes. As long as every row is refreshed within 8 millise- 
conds, the actual method used is best determined by system 
use of the DRAM. The burst takes 84 microseconds to com- 
plete (165 nanoseconds per row x 512 rows for 85 nanoseconds 
per device). During this burst refresh time, no memory op- 
erations can be performed on the device. Distributed refresh 
disables memory access for 165 nanoseconds every 15 
microseconds. _____ 

The 1 M x 1 DR AM ca n be refreshed in three ways: RAS 
only refresh, CAS before RAS refresh, and hidden refresh. In 
addition, any normal read or write refreshes all 2048 bit cells 
on the row accessed. Regardless of the refresh method used, 
the ti me re quired to refresh one row is the random read or 
write (RAS) cycle time (tRQ)- When operating the device in 
page, nibble, or static column mode, only the row being ac- 
cessed is refreshed. The device must be in normal random 
m ode t o utilize any of these specific refresh methods. 

RAS only refresh requires external row counters, to ensure 
all rows are refreshed wit hin the specifi ed tim e, and externally- 
supplied row addresses. CAS before RAS relies on internal 
row counters and internally generates the address of the next 
row to be r efreshed. Hidden refresh is a variation on CAS 
before RAS refresh that holds valid data at the output while 
refresh is occurring. Whenever the device is in a refresh cycle, 
neither a read nor a write operation can be performed. Hidden 
refresh allows the device to be read ahead of refresh, then 
holds the valid data at the output while refresh cycles are in 
progress. It appears that the refresh is hidden among data 
cy cles because valid data is maintained at the output. 

RAS only refresh is perf ormed by supplying row addr esses 
A0-A8 and completing a RAS cycle (tRc) ; sw itching RAS 
from inactive (high) to active (low), holdi ng RA S low (tRAS^ 
then switching b ack to high, and holding RAS high (tRp). A9 
is ignored during RAS only refresh, since this address nor mally 
determines which half of the a rray i s to be accessed. CAS 
must be held high through this RAS cycle, hence the name 
RAS only refresh. An external row counter is required for this 
re fresh method . See Figure 1. 

CAS before RAS re fresh is performed by switc hing C AS 
from high to low while RAS is high, then switching RAS low 
(tcsR)- This reversal of the usual clock order activates an 
internal row counter that generates addresses to be refreshed; 
external address es are ignored in this cycle. CAS must be held 
low (tcHR) after RAS transitions to low. After that time i t can 
either be hel d low or switched to high. See Figure 2. The CAS 
before RAS refresh counter test, specified on all DRAM data 
sheets that offer this type of refresh, is used to check for 
proper operation of the internal row counters and correct ad- 
dress generation. 
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Hidden refresh is a CAS before RAS refresh that has been 
initiated during a read or write operation. At the en d of a 
typical read cycle, CAS would be switched to high befo re RA S, 
turning off the output. In a hi dden refresh cycle, R AS is 
switched to high, concluding the RAS cycle (tRc), while CAS 
is held low. RA S is h eld high (tRp), t hen sw itched low, be- 
ginning another RAS cycle. As long as CAS is held low, data 
is valid at the output, resulting in a long read cycle. Since data 
can be read while the device is being refreshed, the refresh 
operation(s) appears to be hidden by the read cycle. The same 
refresh can be performed after a write cycle is initiated. This 


method of refresh allows refresh cycles to be mixed within 
read and write cycles. During the refresh cycle, a write op- 
eration cannot be performed. See Figure 3. 

Refresh is an integral and necessary part of DRAM opera- 
tion. Substantial improvement has been made in increasing 
the time between refresh cycles, but as long as the bit cell 
design utilizes a capacitor, periodic recharging will be required. 
Three met hods of refr esh a re available on the 1M x 1 DRAM: 
RAS only, CAS before RAS, and hidden refresh. The Motorola 
1 M x 1 and 256K x 4 will work in virtually all systems as a result 
of flexibility provided by this assortment of refresh methods. 



L- 

ao ' m , «««» xxxxxx^^ 

Figure 1. RAS Only Refresh Cycle 
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1 Meg to 4 Meg DRAM Upgrading 


Prepared by: Paul Oats 

4 Meg DRAM Product Engineering 
Austin, Texas 

INTRODUCTION 

Standards set through JEDEC and EIAJ allow upward com- 
patibility from the 1 Meg to 4 Meg DRAM by using the same pin- 
out for SOJ and ZIP packages. Such standards are set to ensure 
a stable DRAM supply when higher density memories are intro- 
duced. This eliminates the need for expensive redesigns of sys- 
tems that can utilize the new memories. 

Although the common pinout between the 1 Meg and 4 Meg 
DRAM requires little, if any, relayout of the PCB, caution must be 
exercised when upgrading because of potential incompatibil- 
ities with refresh and power up. Both of these involve differences 
in test mode entry between the 1 Meg and 4 Meg DRAM. 

REFRESH 

The dynamic memory cell is based on capacitor charge stor- 
age for each bit in the array. This charge will dissipate over time, 
so the entire array must be periodically refreshed to maintain the 
correct bit state. This is accomplished by cycling through all the 
rows of the array within a specified refresh time. 

The 4 Meg DRAM has 1 024 rows instead of the 1 Meg’s 51 2 
rows. Since the refresh period of the 4 Meg is twice that of the 
1 Meg DRAM, the equivalent wait state of the 4 Meg is the same 
as that of the 1 Meg. This is summarized in Table 1 . 

As with the 1 Meg DRAM, the 4 Meg DRAM can b e refre shed 
through a variety of way s: an y read or write cycle, a RAS-Only 
Refresh, a CAS-Before-RAS Refresh, or a Hidden Refresh. A 
potential incompatibility b etwe en the 1 Meg and 4 Meg DRAM 
exists with the use of the CAS-Before-RAS Refresh. 

On the 1 Me g DRA M, the W pin is specified as a don’t care 
during the CAS-Before-RAS Refresh. But on the 4 Meg D RAM, 
the W pin must be high (disabled) for time ty\/RP before RAS 
goes low and held high for time twRH a * ter the transition. This 
will prevent the device from entering the JEDEC standard test 


mode. Figure 1 shows the CAS-Before-RAS Refresh timing for 
the 4 Meg DRAM, and Figure 2 shows the test mod e entr y tim- 
ing. The test mod e is e xited by perfo rming either a RAS-Only 
Refresh cycle or a CAS-Before-RAS Refresh cycle. Test mode 
on the 1 Meg DRAM is entered through use of a “supervoltage” 
on a separate test function pin, and is therefore completely un- 
like the 4 Meg test mode entry. 

POWER UP 

Another potential incompatibility between the 1 Meg and 
4 Meg DRAM occurs during the power up, and this must be ad- 
dressed when upgrading. Both devices require a pause of 
200 fis after power up, followed by 8 RAS cycles before proper 
device operation is guaranteed. The pause allows the internal 
subs trate generator to establish the correct bias voltage. The 8 
RAS cycles initialize all dynamic nodes within the RAM. 

To p revent the 4 Meg D RAM f rom entering the test mod e, the 
8 RAS cycle s should be RAS-Only Refresh cycles or CAS- 
Before-RAS Refresh cycles. If these refresh modes are not 
used, the device could pow er up in the test mode, which ca n only 
be exit ed by performing a RAS-Only Refresh cycle or a CAS- 
Before-RAS Refresh cycle. 

SUMMARY 

Upgrading a system from a 1 Meg DRAM to a 4 Meg DR AM is 
easily accom plished if a few precautions are taken. The CAS- 
Before-RAS Refre sh m ode on the 4 Meg_DRAM requires that W 
be high during the RAS low transition. If W is a don’t care, as on 
the 1 Meg DRAM, the test mode could inadvertently be entered. 
Caution with the 4 Meg DRAM must also be exercised durin g the 
power up. The 8 i nitializ ation c ycles should be either RAS-Only 
Refresh cycles or CAS-Before-RAS Refresh cycles, so that the 
device comes up in its normal operating mode and not in the test 
mode. 


Table 1. Comparison of Refresh Requirements for the 4 Meg and 1 Meg DRAM 
(Times Shown are for Devices with 70 ns Random Access Times) 



4 Meg 

1 Meg 

Normal Power 

Low Power 

Normal Power 

Low Power 

Number of Rows 

1024 

1024 

512 

512 

Number of Bits per Row 

4096 

4096 

2048 

2048 

Refresh Period (tRFSH) 

16 ms 

128 ms 

8 ms 

64 ms 

Distributed Refresh Period 

15.6 ps 

1 24.8 ps 

15.6 ps 

124.8 ps 

Burst Refresh Period 

16 ms 

128 ms 

8 ms 

64 ms 

Time to Refresh 1 Row (tpQ) 

130 ns 

130 ns 

130 ns 

130 ns 

Cumulative Time to Refresh the Entire Array 

133.1 ps 

133.1 ps 

66.6 ps 

66.6 ps 

Refresh Time/Operating Time 

0.833% 

0.104% 

0.833% 

0.104% 
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1 Meg to 4 Meg DRAM Upgrading (AN1124) 



Figure 1. CAS-Before-RAS Refresh Timing for the 4 Meg DRAM 
(Addresses and G are Don’t Care) 
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Battery Backup of Self Refreshing Dynamic 
Random Access Memory 

Prepared by: Paul A. Oats, 4Meg DRAM Products, Motorola Microprocessor and Memory Technologies Group 
John P. Hansen, M68000 Products, Motorola Microprocessor and Memory Technology Group 
Paul J. Polansky, formerly of Motorola High-End Microprocessor Division, currently in Motorola 
Austin Intellectual Property Department 


INTRODUCTION 

In today’s information dependent society, the need for main- 
taining the integrity of data and program status during a power 
outage is becoming increasingly important. Even though data 
files may be stored frequently during a session, in the event of a 
power failure, any changes since the last save would be lost, 
and the program would have to initialize, reloading the required 
data. In applications where the loss of data would be costly in 
terms of dollars and time spent re-entering data, the use of bat- 
tery backup circuits in conjunction with robust software can en- 
sure that a power failure would be at most an annoying delay, 
requiring no user intervention upon the restoration of power. 

SELF REFRESHING DYNAMIC RANDOM 
ACCESS MEMORY 

In the past, the best protection of volatile random access 
memory (RAM) data against a power loss was provided through 
the use of static RAMs (SRAMs) in the memory array because 
of the ease of interfacing with the rest of the system. SRAMs re- 
quire none of the complex cycle and power consuming refresh 
circuitry associated with dynamic RAMs (DRAMs), because of 
their direct addressing and static cell. This has now changed 
with the introduction of Motorola’s newest very low power 
512Kx8 DRAM, the MCM5V4800A. Use of self refreshing 
DRAMs allows battery backup of an increased memory size for 
a comparable dollar cost. 


In addition to t he us ual methods of D RAM refresh (any read 
or write cycle, a RAS-Only Refresh, a CAS-Before-RAS Re- 
fresh, or a Hidden Refresh), the MCM5V4800A also incorpo- 
rates a self refresh operation, previously only found on pseudo 
static RAMs (PSRAMs). This self refresh feature removes the 
need to have the DRAM control circuitry on the battery backup 
node, and is expected to be a standard feature on future genera- 
tions of DRAMs. 

The self r efresh oper ation is e ntered just as a normal CAS- 
Before-RAS refresh, but CAS and RAS are held low for a period 
greater than tR/\ss min (>100 \xs), as shown in Figure 1 . After 
this time, the DRAMs internal timer starts, and a new row is re- 
freshed approximately every 130 jxs. When the refresh pulse is 
generated by the internal timer, the Iqq current may peak to 1 20 
mA, but the current Iqqs during the self refresh is guaranteed to 
be a maximum of 200 pA, as shown in Figure 2. 

The MCM5V4800A CMOS processing makes it particularly 
well suited for use in battery backup systems because of the in- 
herent advantages of CMOS technology: superior noise immu- 
nity, faster switching speeds, low standby power dissipation, 
and a wide operating range. 

For battery backup applications, chief among these advan- 
tages is the low standby power dissipation. Due to the series 
connection of P and N channel devices in CMOS designs, cur- 
rent is only drawn during switching. Thus, when the DRAM is in 
the self refresh mode, the only current drawn is due to surface, 
junction, and channel leakage and the operation of the internal 
refresh timer. 



NOTE: Din, W, G, A0-A8, A9R = “H" or “L” 



“H” or “L” 


Figure 1. CAS-Before-RAS Refresh Cycle for the MCM5V4800A 
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SELF REFRESH PERIOD 


.<100 ns. 


100 fxs- 150 (is 



Pull-down resistors should be placed on the CAS and RAS 
pins to ensure that the DRAM stays in the self refresh mode 
during the battery backup period. All other pins (addresses, 
data inputs/outputs, output enable, and write enable) should 
use pull-ups or pull-downs so that they do not float, creating 
undesirable current paths that would shorten battery life and 
possibly destroy data. [The use of pull-up and pull-down resis- 
tors to terminate each transmission line in the memory’s bus 
is a wise practice with many inherent advantages. This topic 
is discussed in more detail in Motorola Application Notes 
AN971 and AN973. Although these notes specifically address 
Fast Static RAM applications, the principals can generally be 
applied to all volatile memories.] 

BATTERY BACK-UP SYSTEM REQUIREMENTS 

It is desirable after the occurrence of a power failure to be 
able to recover after power is restored and resume operation 
as if only a delay had occurred. This process is called fault re- 
covery. Figure 3 shows the DC power bus for a system utilizing 
a low power processor, such as Motorola’s MC68300-family 
of processors. 

Note that besides the memory array, the processor and 
power failure detection circuit are also on the battery backup 
node. The MC68300-family is capable of low power standby 
necessary for battery backup operation. Having a low power 
processor greatly simplifies the circuitry and software required 
for fault recovery, in that the processor itself can now store 
internal registers and keep track of the power state, without the 
need of external control logic comprising a finite state 
machine. 


BATTERY BACKUP CIRCUIT 

The battery backup circuit is one of the key components of 
the system. Its function is to supply power to the memory array, 
processor, and power failure detection circuit during a power 
failure. This is usually accomplished through the use of the 
trickle charge circuit illustrated in Figure 3, although numerous 
variations on this circuit exist. System interconnects are not 
shown in order to clarify the power connections. 

In this circuit, diode D1 isolates the battery El from all but 
the system’s RAM array, processor, and power failure detec- 
tion circuit when the DC power supply has failed. The proces- 
sor and power failure detection circuit must also have the bat- 
tery backup in order to detect when the main power is restored 
and to keep track of whether the system is in the battery back- 
up mode or normal operating mode. When the DC power sup- 
ply is active, diode D2 and current limiting resistor R1 allow a 
small amount of current to be diverted into recharging the bat- 
tery. If a non-rechargeable battery is used, resistor R1 can be 
eliminated. In order to prevent the battery from discharging 
during a scheduled power shutdown, a switch should be in se- 
ries with the battery so that the backup circuit is disconnected 
when the system is deliberately powered off after all critical 
data has been written to some less volatile storage medium 
(e.g., floppy disk, hard disk, tape). 

POWER FAILURE DETECTION CIRCUIT 

The function of the power failure detection circuit is to moni- 
tor the AC power source. If the main power fails, this circuit 
generates an ACFAIL interrupt signal to the processor, which 
will store its internal status and put the memory in the self 


BATTERY BACKUP CIRCUIT 



Figure 3. DC Power Bus for Complete System Showing the Process, Memory Array, and Power 
Failure Detection Circuit on the Battery Backup Node 
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refresh mode. Because of the urgency necessitated in the 
event of a power failure, the signal issued to the processor in 
such an event is a non-maskable interrupt (NMi) of the highest 
priority. 

Just as with the battery backup circuit, a wide variety of cir- 
cuits exist for power failure detection. A simple power failure 
detection circuit is shown in Figure 4. It is recommended that 
the signal from the power supply into the power failure detec- 
tion circuit be drawn from a separate winding of the trans- 
former than that going to Vqq. This will avoid possible interfer- 
ence with the voltage regulation of the system. 

In this circuit, the zener diode provides the reference level 
to the Schmitt trigger inverter which fires if the AC power drops 
below acertain threshold. Resistor R1 and the zener reference 
voltage V(rff) should be chosen so that there is enough mar- 
gin to the minimum system operating voltage for the power fail 
code to complete processing before the power loss propa- 
gates through the DC power supply, and Vqq falls below the 
system operating voltage. This margin must be greater than 
the execution time of the power fail code, which is on the order 
of 1 5 jis for the code illustrated in the following section. Con- 
cerns about this propagation delay can be dispelled through 
the use of an uninterruptable power supplies (UPS), which can 
provide system power for a short time. An R-C network may 
also be included in parallel with the zener diode to prevent sys- 
tem shutdown if the AC power source goes down for only a few 
cycles. The trigger will then only fire if the power fails for more 
than a time constant. The hysteresis of the Schmitt trigger sup- 
plies additional margin. 

Since the power failure detection circuit must continue to 
function during a power failure, its components need to have 
an operating range from the backup battery voltage to the nor- 
mal system operating voltage and should also be of low power 
to minimize battery drain. Motorola’s high performance 
Schmitt trigger inverter, the MC74HC9014 fulfills these 
requirements. If a high-to-low transition is required for the pro- 
cessor to begin the battery backup sequence, then a non- 
inverting Schmitt trigger should be used, such as the 
MC74HC9015. 


SOFTWARE CONSIDERATIONS 

The system’s operating software must include code to 
accomplish the fault recovery process. From the standpoint of 
the processor it is essential to save enough information to be 
able to return to the same point in program execution when 
power is restored. With the advent of components with low 
power standby modes, not only can essential data be saved, 
but also all variables and parameters may be recovered on 
return to normal operation. 

Upon receipt of the ACFAIL signal from the power failure 
detection circuit, the processor will prepare the system for the 
battery backup operation. A low power processor from the 
MC68300-family will store its registers internally, send the 
memory array into the self refresh mode, and make note that 
the system is now in the standby mode. Additional power can 
be saved by disabling circuitry that will be unused during the 
backup operation, such as the periodic interrupt timer, voltage 
controlled oscillator (VCO), and phase-locked loop (PLL). 

Upon restoration of power, the ACFAIL signal is reset and 
the processor begins the fault recovery process. After the in- 
ternal status of the processor is restored and the power to the 
external logic (especially the memory control circuits) reaches 
an operational level, the memory array can then return to the 
normal operating state. It is prudent to perform a refresh of the 
memory array as a part of the fault recovery process in order 
to assure that no refresh parameters are violated. 

As system complexity grows (for example when an operat- 
ing system is being used) more complex measures must be 
taken to ensure proper fault recovery than if all software is writ- 
ten in assembly language. When the ACFAIL is detected, the 
operating system must shut down active processes and close 
files in an orderly fashion for full recovery after power is re- 
stored. In a likewise fashion, systems which implement some 
functions of operating systems like multitasking and schedul- 
ing, or access files on permanent storage devices, must close 
those processes or files to ensure proper recovery after the 
fault is repaired. The shutdown software must also keep a re- 
cord of the status of the processes and files before the fault so 
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Figure 4. A Simple Power Failure Detection Circuit 
(Note that the Schmitt trigger is also powered by the backup battery when the main power is down.) 
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they can be reopened on recovery. Consideration of the soft- 
ware or firmware necessary for such tasks is beyond the 
scope of this paper, but the user must nonetheless take them 
into account. 


The code to perform a simple fault recovery for the 
MC68xxx-family of processors follows. On reception of a pow- 
er failure interrupt, the processor should execute, at a mini- 
mum, code similar to the following: 


MOVEM . L 

A0-A7 , D0-D7 , FAILREGS 

Save regular registers and supervisor 
stack pointer. Note that the number of 
registers may vary depending on the 
type of processor being used. 

MOVE . W 

SR, FAILSR 

Save status register. 

MOVE . L 

USP, AO 

Get user stack pointer 

MOVE . L 

AO, FAILUSP 

and now save it. 

RESET 


Reset all system peripherals. 

STOP 


The CPU is now waiting to be reset 
for the duration of the power failure. 

i the AC fault disappears, the fault recovery routine should contain code at the end of the routine similar to the following: 

TAS 

FAILSAVE 

Get value of state register and clear it through 
an indivisible read-modify-write cycle, while 
setting the Z bit of the OCR. 

BEQ 

JMP 

Skip if OK. 

MOVE . L 

FAILUSP, AO 

Load user stack pointer 

MOVE . L 

AO, USP 

and put in register. 

MOVE . W 

FAILSR, SR 

Reload status register. 

MOVEM . L 

FAILREGS, A0-A7, D0-D7 

Reloading the registers causes the CPU to 

RTE 


reload the stack frame that was saved on the 
power fail interrupt; program execution 
continues as if no fault occurred. 

JMP 

CLR.W FAILSAVE 

Clear semaphore in state register and continue 


power up code. 


It should be noted that the above code is generic to the 
MC68xxx-family, and the number of internal status registers 
may vary. A low power processor from the MC68300-family 
can greatly simplify this code and shorten execution time, 
since it can store the status registers internally and initiate a 
low power stop. 

SUMMARY 

When critical data is being stored in a volatile RAM array, 
it is important to retain that data in the event of a power failure 
by having the RAM powered by a backup battery. It is also de- 
sirable after the occurrence of a power failure to be able to re- 
cover after power is restored through the process of fault 
recovery. From the standpoint of the processor it is essential 
to save enough information to be able to return to the same 
point in program execution when power is restored. With the 
advent of self refreshing DRAMs and processors with low 
power standby, not only can essential data be saved, but also 


all variables and parameters may be recovered and the sys- 
tem returned to normal operation. 

For a system to accomplish a fault recovery, additional cir- 
cuitry is required beyond that of a system with no backup. A 
battery backup circuit switches between the main power and 
the battery; a power failure detection circuit senses a power 
loss and initiates the interrupt to the processor to send the sys- 
tem into the standby mode. The power failure detection circuit 
and processor must also be powered by the backup battery 
during a fault. 

A wide variety of circuits exist for these additional require- 
ments, and this paper has touched on only a few. As battery 
backup systems become more common, vendors are re- 
sponding by including many of these requirements in their sys- 
tems. For example, the VME bus specification defines an im- 
plementation of power failure detection. In the event that the 
power supply used in an application does not include the cir- 
cuitry for battery backup operation, the required components 
can be obtained through Motorola. 
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INTRODUCTION 

When designing a bus oriented system, the possibility of 
bus contention must be taken into consideration. Bus con- 
tention occurs when two or more devices try to output opposite 
logic levels on the same common bus line. 

This application note points out common causes of bus 
contention when designing with fast static random access 
memories and describes ways to eliminate or reduce 
contention. 

WHAT CAUSES BUS CONTENTION? 

The most common form of bus contention occurs when 
one device has not completely turned off (output in a high- 
impedance state) before another device is turned on (output 
active). Basically, contention is a timing overlap problem that 
results in large, transient current spikes. These large current 
spikes not only generate system noise, but can also affect the 
long term reliability of the devices on the bus (see Figure 1). 

BUS CONTENTION AND FAST STATIC RAMs 

Since memory devices are primarily used in bus oriented 
systems, care must be taken to avoid bus contention in mem- 
ory designs. Fast static RAMs with common I/O data lines (or 
any high frequency device with common I/O pins) are the 
most likely candidates to encounter bus contention. This is 
due to the tight timing requirements that are needed to achieve 
high-speed operation. If timing control is not well maintained, 
bus contention will occur. The most common form of bus 
contention for memories occurs when switching from a read 
mode to a write mode or vice versa. 


SWITCHING FROM A READ TO WRITE MODE 

With E low (device selected), on the falling edge of W (write 
asserted) the RAM output driver begins to turn off (high- 
impedance state). Depending on the input and output logic 
levels, if sufficient time is not allowed for the output to fully 
turn off before an input driver turns on, bus contention will 
occur (see Figure 2a). 

Figure 2a shows an example of a RAM trying to drive a bus 
line low while an input driver is trying to drive the line high. 
If the situation were reversed (RAM output high and the input 
driver low), bus contention would still exist. 

Of course the obvious way to avoid this type of bus con- 
tention is to make sure that the input buffer is not enabled 
until the write low to output high-impedance (twLQZ) ti me > s 
satisfied (see Figure 2b). This specification is usually given on 
most manufacturers' data sheets. 

Another method to eliminate bus contentiorrwould be to 
use E to deselect the RAM before asserting W (low). This 
allows the RAM output extra time to go into high-impedance 
state before the input driver is enabled. E and W are later 
asserted low to begin a write cycle (see Figure 2c). 

SWITCHING FROM A WRITE TO A READ MODE 

With E set low (device selected), on the rising edge of W 
(write terminated) the address or data-in changes before the 
device has had a chance to terminate the write mode. If this 
should occur, and depending on the input and output logic 
levels, a bus contention situation could exist (see Figure 3). 
To avoid address changing type bus contention requires that 
the address not change till the write recovery specification 
(twHAX) ' s satisfied. To avoid bus contention caused by data 
changing requires that the data-in remains stable for the du- 
ration of the data hold specification (tWHDXL Most of 


1 OF 4 DATA BUS LINES 



MOTOROLA MEMORY DATA 



AVOIDING BUS CONTENTION . . . (AN971) 


_ H 
E 

L 



RAM H 
OUTPUT i 

INPUT H 
DRIVER L 

BUS H 
LINE L 



® f 




BUS CONTENTION 


h- 


Figure 2a. Input Driver Enabled Prior to Disabling 
RAM Output 
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Figure 2b. Input Driver Disabled Prior to Enabling 
RAM Output 



Figure 2c. Using E to Avoid Bus Contention 


Motorola's fast static RAMs specify write recovery and data 
hold times of 0 ns. However, it is always a good practice to 
allow some margin to take care of possible race conditions. 

Both_of these types of contention could also be avoided by 
taking E high prior to taking W high. This will give the RAM 
output driver time to goto a high-impedance state before W 
goes high.Jn this case E is used to terminate the write cycle 
instead of W (see Figure 3c). 
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Figure 3a. Data Setup Time Violation 
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Figure 3c. Using E to Avoid Bus Contention 


OTHER WAYS TO ELIMINATE BUS CONTENTION 

If the RAM has an output enable pin (G), synchronizing 
schemejs can be incorporated to help eliminate bus contention. 
Taking G high will ensure that even when the RAM is in a read 
mode the output will be in a high-impedance state. This will 
allow the input driver to be enabled longer. 
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Figure 4a. Using G to Avoid Bus Contention 


Figure 4b. Timing Diagram of the MC68000 


Most advanced microprocessors, such as the MC68000 and 
MC68020, have asynchronous bus control signals that take 
advantage of fast memory devices with output enable pins. 
Figure 4 shows one way to avoid bus contention using a 
Motorola MC68000 interfaced to a Motorola 45-ns MCM6164. 

A more obvious way to eliminate bus contention is to use 
slow memory devices. Slow memories have loose timing re- 
quirements that allow devices to fully turn off before another 
device turns on. Of course this defeats the whole purpose of 
fast static memory devices. 

Another obvious way to eliminate bus contention is to use 
memorydevices that have separate data I/O pins. In this way 
the R/W signal from the microprocessor can control a buffer 
device to eliminate bus contention (see Figure 5). However, 
the industry is demanding RAM with common I/O because 
these devices cost less and save system real estate. 

Common I/O devices reduce package size since fewer pins 
are needed. Smaller packages result in less PCB space re 1 
quirement. Common I/O devices also eliminate the need for 


an extra buffer with its associated expense and space require- 
ment. In general fast static RAMs configured greater than a 
XI will have common data I/O pins. 

Another popular way to reduce bus contention is to put a 
current limiting series resistor on each bus line (see Figure 6). 
The series resistor does not eliminate bus contention, but it 
helps reduce the large transient currents associated with bus 
contention. However, series resistors increase access time as 
well as increasing component count. The added access time 
depends on the total bus capacitance (including the capaci- 
tance of the devices on the bus) and the total bus resistance. 
The added delay should be added on to the point at which 
bus contention ceases. The following formulas can be used 
to determine the added access delay. 


tHL = R|_*CL*ln 


Vj n (initial)-Vj n (final) 

V|L(max)-Vj n (final) 


tLH = RL«CL*ln 


Vjn(final) - Vjn(initial) 
Vj n (final)-V|H(min) 



Figure 5. Separate I/O Buffer 
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Generally the value of the resistor should be around 100 
ohms. The larger the resistor the less the transient current 
generated, but the greater the delay. Using a 150-ohm resistor 
will limit the current flow to less than 20 milliamperes while 
adding approximately 3 nanoseconds extra access time. How- 
ever, note that even with series resistors bus contention duty 
cycle must be minimized to reduce EMI and bus ringing. 

Although it is very important to reduce bus contention, 
CMOS memories can tolerate more bus noise generated by 
bus contention than can bipolar memories, due to the excellent 
noise immunity advantage of CMOS over bipolar technology. 
However, even when using CMOS memories, large destructive 
transient currents generated by bus contention can still occur. 


CONCLUSION 

Bus contention must be taken into consideration in most 
bus-oriented system design. The occurrence of bus contention 
generates large transient currents that produce system noise 
and could also affect the system's long term reliability. 

Fast random access memories with common data I/O pins 
are very susceptible to bus contention due to tight timing 
requirements. Although it is almost impossible to totally elim- 
inate bus contention, it must be the goal of the system designer 
to minimize bus contention. 
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Microprocessors are now capable of 20-25 MHz. This places 
a great demand on SRAMs to supply super-fast access times. 
Today's sub-1 00-nanosecond SRAMs in production are rapidly 
moving to sub-50 nanoseconds as yesterday's prototypes ramp 
into production, and sub-25 nanoseconds is just on the ho- 
rizon. This need for high-speed SRAMs is amplified by the 
fact that setup, hold times, and cycle edge accuracies do not 
usually improve at the same rate as the clock frequency. There 
is help on the way in terms of application specific SRAMs that 
put on chip some of the "glue" features that eliminate gate 
delays caused by decoders, drivers, or clock signals; but for 
now, the main burden will fall upon SRAM designers to make 
up for the "lost time" in the shorter cycles. Some of the tools 
of the SRAM designer are improved processes, tighter design 
rules, and improved circuit techniques such as address tran- 
sition detection. When you combine all of these features into 
a high performance SRAM, you no longer have the bistable 
flip-flop of yesterday but a highly tuned circuit that is more 
closely related to a DRAM. This is where the system designer 
can help. Although SRAM designers are doing everything 
possible to make the devices stable and noise immune, there 
is no substitute for a good solid system layout and design. 
The following discussion gives system designers some insight 
into potential trouble areas from a component engineering 
viewpoint. 

CHARACTERISTICS OF HIGH-SPEED BUSES 


Since an unterminated bus looks almost entirely like a ca- 
pacitive load, the larger the resistor value the slower the rate 
at which data can be presented to the receiving device. This 
is due to the time it takes to charge and discharge this ca- 
pacitive line through the termination resistor. If a small value 
resistor is used, the charging/discharging time delay can be 
minimized (t = RC). However, the smaller the resistor the 
greater the power consumption through the resistor. Also, if 
the resistor value is too small, its value will approach that of 
the source resistance of the transmitting device, which could 
lead to a degradation of noise margin to the receiving devices. 
A resistor value between 1 kilohm and 10 kilohms is usually 
adequate. The actual value should be optimized through ex- 
perimentation (see Figure 1). 


vcc 



X 


10 


When data is transmitted over long distances, the line on 
which the data travels has to be considered a transmission 
line. A long distance is relative to the rate at which data is 
being toggled. Address and data buses associated with high- 
throughput microprocessors (e.g., M68000 family) must also 
be thought of as transmission lines, since it is not uncommon 
for these processors to run bus cycles of 40-nanosecond pe- 
riods or less. 

Other features of high-end microprocessor buses are that 
they tend to operate in harsh, noisy-type environments, and 
most of these buses are unterminated. A high-impedance, 
unterminated bus line acts just like an antenna. It not only 
radiates EMI, it can also receive EMI. This can result in bus 
ringing, crosstalk, and various other noise associated prob- 
lems. The more transmission lines a bus has, the more an- 
tennas to pick up and radiate noise. Of course, the best way 
to reduce this EMI is to ensure that the bus is properly ter- 
minated into a low-impedance load. This low-impedance load 
could be in the form of a pull-up or pull-down resistor tied to 
each bus line. Ideally, the termination resistor should be equal 
to the characteristic impedance of the bus line. A transmission 
line terminated into its own characteristic impedance has the 
best incident wave switching as well as the least amount of 
reflection. 


Figure 1. Microprocessor Address Bus with Pull-Up 
Resistors 

HIGH SPEED SRAM DESIGN TECHNIQUES 

In order to speed up access times of high-speed RAMs, 
many new design techniques have surfaced. One of the most 
innovative techniques to emerge is known as address transition 
detection (ATD) circuitry. Since row address access times are 
typically slower than column address access times, this cir- 
cuitry originally used the row addresses to trigger a clocking 
sequence that restored bit lines, shorted data lines, equalized 
sense amplifiers, and threestated the output as the output 
buffers were equalized. This meant that many of the internal 
transistions could be completed by the time that the signals 
were decoded and propagated through the device seeking the 
proper cell and outputting data. This then made row and col- 
umn access times much more equal and eliminated one of the 
speed bottlenecks. This scheme also has the added advantage 
of reducing power consumption because the static bit line 
loads can be reduced in size by utilizing a parallel equalization 
that is also generated at the ATD initiation and used to pull 
up the bit line 0 before selection of the new word line. Since 
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START EQUALIZATION 
OF TOP OF CHIP 

EQUALIZE BIT LINES 

TURNS WORD OFF 

START EQUALIZATION 
OF BOTTOM OF CHIP 

EQUALIZE SENSE AMP 

EQUALIZE DATA LINES 

TURNS OUTPUT OFF 

TURNS SENSE AMP OFF 



its inception, ATD has been expanded and is now activated 
by all addresses and chip select pins instead of just row ad- 
dresses. A typical timing chain, as shown in Figure 2, applies 
to Motorola's MCM6164 8Kx8 SRAM and exemplifies the 
clock sequence dependency. 

ATD has been shown to be very effective as a performance 
enhancer and will remain a valuable tool for designers, but it 
can be seen that we now essentially have a clock-activated 
part. What happens if addresses are floated or oscillate at a 
frequency greater than the ATD response? What happens if 
addresses are skewed, thereby getting successive ATD initi- 
ations? There is also the case of signals being gated from 
numerous sources, in which the address may start in one 
direction and then reverse several times before it finally seeks 
a valid high or low level. Circuit designers believe that these 
potential problems have been resolved over the last few years 
as testing techniques and circuit simulations have wrung out 
the infinite number of application variations. However, there 
is a simple, foolproof way that system designers can eliminate 
any potential for this type of a problem. Deselect the device 
during address transitions (see Figure 3). 

Since new design techniques have made chip select access 
times equal to address access times, system designers can 
take advantage of this and improve reliabilty of their system 
by increasing overall immunity to a noisy environment. This 
can cover a host of potential board-induced problems from 
oscillating multiplexer or driver units, to spurious address 
glitches put out by MPUs. 


Another design improvement is related to rise and fall times 
on the output levels, known by circuit designers as di/dt. This 
is the inductance associated with the changing current as loads 
are charging and discharging. This inductance is coupled back 
to the device, and through connections and bus resistance 
can cause the power supply or ground to change drastically. 
This is pushed to the limits as output drivers become more 
powerful, and is especially aggravated by multiple I/O devices 
like byte-wide SRAMs which may have all eight data lines 
switch from all Os to all Is or vice versa. These spurious noise 
spikes on the power lines can affect the data contents of the 
device, as well as any other device sharing the same power 
and ground buses (see Figure 4). Circuit designers have de- 
veloped circuitry that has a feedback loop that controls the 
rise and fall time just enough to minimize overshoot, under- 
shoot, and ringing. This di/dt is the inherent reason why byte- 
wide SRAMs are typically 4-5 nanoseconds slower than single 
output devices. 


CHIP ENABLE \ / 

ADDRESS KXXXX VAUD ~ XXX)0 

Figure 3. Deselection of Device During Address 
Transition 
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Figure 4a. MCM6164C Data Bus 
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Figure 4b. Ground Bounce When Data Switches from 
All Is to All Os 


using 1C sockets, it is recommended that sockets with gold- 
plated copper contacts and built-in decouplng capacitors be 
used. 

A large value capacitor ( > 1 microfarad) should be used on 
each Vcc ,ine - The purpose of this capacitor is to provide for 
sudden current demand (current surges) from the power 
supply. 

Figure 5 illustrates a typical memory board design. 



Figure 5. Typical Memory Board 
SUMMARY 


PCB POWER FEED CONSIDERATIONS 

Another source of noise can be inadequate power feeds and 
power supply decouplng. Large ground planes should be used 
to reduce both inductances and resistances. The resistances 
of the power supply lines should be less than 0.1 ohm. If the 
inductances or resistances of the power supply lines become 
significant, Vcc or ground bounce can occur. Since all inputs 
are referenced to ground, gate input thresholds could be ex- 
ceeded, causing data errors to be generated. An excellent PCB 
design is one that incorporates a multilayer board. One layer 
should be entirely devoted to a ground plane. 

The use of good-quality decoupling capacitors can help to 
keep noise off the power lines. A value between 0.01 micro- 
farad and 0.1 microfarad (use 0.1 microfarad for x8 organi- 
zations) should be used for each RAM. This capacitor should 
be located as close to the RAM power pins as possible. When 


Digital transmission line theory must be taken into account 
when designing high-frequency buses. A high-impedance, un- 
terminated bus behaves much like an antenna, receiving as 
well as transmitting EMI. The use of termination resistors on 
these buses can reduce EMI. Many innovative designs have 
evolved to speed up access times of fast static RAMs. One 
of the more innovative designs is that of address transition 
detection circuitry. Most high-speed RAMs today use this 
technique to decrease access time. Good PCB power feed 
design, as well as the judicious use of decoupling capacitors, 
is essential for optimum performance from fast static RAMs. 

Much of the time, the problems caused by a marginal device, 
system layout, or pushing for the last nanosecond is an in- 
termittent random type of problem that could result in either 
destroyed data or access time push-out. If you are having a 
problem, call Motorola MOS Memories in Austin, Texas, (512) 
928-SRAM (928-7726). We are on your design team! 
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INTRODUCTION 

As the speed of the MC68020 processor increases it 
becomes more difficult and more expensive to provide large 
amounts of no-wait states memory. The addition of a logical 
cache in a memory management based system then 
becomes a more viable alternative to the problem. For a typi- 
cal 25 M Hz MC68020 system the incorporation of a no-wait 
states cache is one of the most economical ways in which the 
true performance attainable from this particular processor 
can be achieved. 

CACHE DESCRIPTION 

The cache described in this application note is a 32 K byte 
(8K long words) direct mapped logical cache. The cache is 
organized such that both supervisor and user, program and 
data accesses are stored. The entries are tagged approp- 
riately with the function code lines. To avoid any stale data 
problems that may occur with the data the cache update 
logic includes a 'write through' mechanism that forces any 
data writes to update both the memory and the cache. The 
cache operates with no wait states with a 25 MHz 
MC68020. 

BLOCK DIAGRAM DESCRIPTION 

The cache can be broken down into several functional parts 
as follows: 

tag RAMs 
data RAMs 
control logic 

entry update mechanism 

The cache is organized as 8K long word entries (see Figure 
1 ) which are referenced by a 22 bit TAG field. This TAG is 
made up of the upper address lines (TA1 5-TA3 1 ), the func- 
tion codes (TFCO-2) and the size pins (TSIZEO-1 ). By incor- 
porating the size pins into the TAG field means that the data 
entry can be validated even if it were referenced as a mis- 
aligned data transfer. The function codes allow the entries to 
be referenced separately with respect to user/supervisor 
and program and data entries. 


The cache mechanism will begin operation as soon as an 
address becomes valid on the logical address bus. This 
address accesses the TAG RAM within the cache and the 
corresponding entry is compared with the relevant section of 
the logical address bus (LAI 5-LA31) and the control bus 
(FCO-2, SIZEO-1 ). 

If this comparison is valid then this gives an indication to the 
comparator logic that a valid entry may be present within the 
cache data RAMs. 

To determine whether this data entry is indeed valid a 
simultaneous access is made to the VALID bit RAM with the 
lower section of the logical address bus (LA2-LA1 4). If the 
entry in this VALID RAM is a logic 0 then this indicates that 
the corresponding data entry at that cache address (LA2- 
LA14) is a valid entry. 

Access to that data item can then be made on the condition 
of several control signals (e.g. R/W*, CACHE-E*, etc.) and 
the data buffers to the system data bus will be enabled. This 
is termed as a CACHE HIT. 

Conversely, if the entry in the VALID bit RAM was a logic 1 
then this would indicate that the corresponding data item 
was not a valid cache entry and so the isolation data buffers 
would not be enabled to the system bus. This is termed as a 
CACHE MISS. 

When the cache detects a HIT then the bus cycle is com- 
pleted from the data RAMs and the system operates with no 
wait states. 

If on the other hand the cache detects a MISS then the pro- 
cessor has to fetch its data from external memory which by 
its nature will be slower and will incur wait states. 

To facilitate the data fetch from external memory the cache 
mechanism forces the processor to do a RETRY of the 
MISSed bus cycle. This retried bus cycle will then go out to 
external memory and fetches the relevant data item which 
will be latched by the processor and also used to update the 
cache. Subsequent accesses to this address will then find 
the data resident in the cache. 

To preserve data integrity a CACHE MISS is also generated 
by a data write cycle. On writing to an address the cache for- 
ces a MISS such that the data item will be written to the 
cache in addition to the external memory. Subsequent data 
reads at this location will find that the data item is resident 
and is the most recent version. 

Forced CACHE MISSes are also generated when the logical 
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address is detected as being a peripheral access (e.g. serial 
I/O device) or when the processor is executing a CPU space 
cycle (e.g. interrupt acknowledge). 

CACHE CONTROL MECHANISM 

The cache hit signal (CHIT*) is generated as a result of the 
comparison of the TAG data, the VALID bit and various con- 
trol signals. When the logical address from the processor 
becomes valid the cache TAG RAMs are enabled and the TAG 
data is produced for comparison. 

These TAG RAMs are addressed as an 8 K long word bank 
and so logical address lines LA2 to LAI 4 are used. 

The TAG RAM itself contains information relating to the bus 
status of the cached item. This bus status consists of a sec- 
tion of the logical address bus (LAI 5-LA3 1 ) and some con- 
trol signals (FCO-2, SIZEO-1). When these TAG RAMs are 
accessed this previous bus status is compared with the 
existing bus to detect if there is a match. 

Comparators U21 5, U21 6 and U21 7 (see Figure 4) are 
used to compare this information and if there is a match the 
outputs Oa=b (pin 1 9) will be asserted. 

The assertion of these three comparator outputs is then 
conditioned by various other factors to determine whether a 
cache hit signal should be generated. 

While the TAG RAMs are being accessed by logical address 
lines LA2-LA1 4 a VALID bit RAM is also accessed. The infor- 
mation contained in this VALID bit determines whether or 
not the cache data is valid. When the cache is enabled all the 
entries in the VALID RAM are set to logic 1 to indicate that 
there are no valid entries in the cache. 

Subsequent memory accesses then cause a cache miss 
which results in a cache entry being made. When this cache 
entry is made the status of the bus (LAI 5-3 1 , FCO-2, SIZEO- 
1 ) is saved in the TAG RAM at the location pointed to by the 
cache index (LA2-14). The information on the data bus is 
then saved in the data RAMs at address with cache index 
LA2-14 and the corresponding VALID bit entry is also set 
(i.e. the cache entry is marked as being valid). 

Subsequent accesses to that address will then cause the 
TAG address comparators to assert their outputs and the 
VALID bit to be set. The assertion of the cache hit signal 
(CHIT*) is then dependent upon the status of several other 
control signals such as cache enable (CACHE-E*), CPU space 
and peripheral access (IOEN*). Accesses to CPU space are 
not cached because of the problems that might arise when 
servicing interrupts or accessing coprocessors. In addition 
access to peripheral devices (indicated by the signal IOEN*) 
are not cached because of the read write nature of some 
peripheral device registers. 

When these signals are taken into account the resultant 
assertion of the cache hit signal (CHIT*) will then cause the 
processor to complete the bus cycle with no wait states. 
Control of the cache is facilitated by three hardware 
primitives: Cache Enable, Cache Disable and Cache Clear. 
These primitives are initiated by accessing a specific address 
within CPU space which is not used for any other CPU 
space functions. 

On requesting a cache enable function the mechanism 
causes the VALID bit RAM to be set to logic 1 s, indicating no 
valid cache entries, and then assert the CACHE-E* signal to 
the rest of the system. 


The cache disable function simply negates this CACHE- 
E* signal. 

The cache clear function is included to allow the support of 
multi-tasking software. On initiation of the cache clear func- 
tion all entries in the VALID bit RAM are cleared so emptying 
the cache. This is useful where the software has to perform a 
context switch. 

CACHE CONTROL LOGIC 

The Cache control logic allows the software programmer to 
enable the cache, disable the cache and to clear the cache 
contents. Accesses to the control logic can only be done 
under CPU space. This prevents accidentally writing to the 
control logic during normal operation (the SFC and DFC 
registers are programmed for CPU space with the MOVEC 
instruction, and the MOVES is used in writing to the control 
logic). Hence only the supervisor mode of operation can con- 
trol the cache. 

The address lines LA24-LA26 are used to decode the 
cache control functions, these being inputs fed to an 
74LS138 U241 (see Figure 3). In addition to these 
addresses in CPU space, the programmer should also select 
an area of memory that will not cause contention with the 
normal MC68020 CPU functions. 

An example decode could be $1 070000 ($ is used to rep- 
resent a hexadecimal number) for clear cache, $2070000 
for disable cache and $4070000 for enable cache. 

Cache Enable 

The cache is enabled by accessing to a CPU address similar 
to the one given above, the data being irrelevant. On enabling 
the cache all entries are made invalid. This ensures that no 
stale data problems are created from accesses when the 
cache was previously enabled. 

The output from U 1 1 8D (see Figure 3) is used to enable a 
sequencer consisting of three 4-bit binary counters: U246, 
U247 and U248. These counters are used to increment the 
address bus to set the valid bits to all 1 's (entry is invalid). 
The addresses are presented to the valid RAM U259 via the 
latches U249 and U250, the outputs from these being 
enabled at the same time as a write to enable the cache. Also 
during this sequence the logical address bus to this RAM is 
tri-stated from the RAM's address bus by U243 and 
U244. 

Under normal operation the latches U243 and U244 are 
enabled and U249, U250 are disabled allowing the valid 
RAM to be addressed from the logical address bus. The 1 2- 
bit sequence clears 4 K entries in the cache (each entry is a 
long word). 

The sequence is repeated twice to clear the whole 8 K entry 
cache. The two D-type flip flops U251B and U251A are 
used to write first to the upper 4 K then the lower 4 K 
entries. 

At the end of the cache clear sequence the cache is enabled 
via the S-R flip flop U257D and U1 18C. The CACHE. E* is 
then used in the comparator logic to indicate that the cache is 
enabled. In addition the DSACKO* and DSACK1 * is returned 
to the MC68020. 

As far as the processor is concerned the cache clear 
mechanism can be thought of as a long instruction. The valid 
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RAM latches data with respect to the sequencer clock (40 
MHz for 25 ns SRAM's) and a logic 1 is latched on each fall- 
ing edge of this clock. 

A logic 1 is written into the valid RAM when: the sequencer 
is enabled; it is the falling edge of the 40 MHz clock and the 
WRITEN* signal from the entry update mechanism is high 
(U258C, U263A and U219D). This logic is also used to 
write a logic 0 into the valid RAM during normal 
operation. 

To prevent external bus contention when the cache is being 
written to, a signal ADDBUFDIS* is generated which can be 
used to disable external address buffers. The CMISS signal 
should be used to disable the external address buffers dur- 
ing a cache hit. 

Cache Clear 

The cache clear mechanism is used to allow the operating 
system to perform a context switch. A cache clear command 
will produce the same output as the enable cache 
command. 

Using the 40 MHz clock gives a context switch time of 
approximately 0.025 x 1 024 x 8 = 205 us. If this is unac- 
ceptable the mechanism can be speeded up by using several 
valid bit RAMs of lower density in parallel, or using a RAM 
with a clear feature. 

Cache Disable 

This command produces an input into U240B to set the 
S-R flip flop to cache disable (CACHE.E* set to a logic 1 ). The 
reset signal is also fed into U240B to ensure that the cache is 
always disabled at reset. 

ENTRY UPDATE MECHANISM 

This section of logic (see Figure 2) is used to control the 
cache mechanism for updating entries in the cache. In addi- 
tion, the logic will produce control signals used to latch data 
into the Tag and Data RAMs and control the isolation data 
buffers for the cache (U236 - U239 in Figure 5). 

The mechanism used to update the entries in the cache is 
only enabled on a read cycle (R/W* signal into U261 D) and 
when the cache is enabled (CACHE.E* signal into U261C). 

The control logic is required to perform three distinct 
operations: 

On a write cycle the WRITEN* signal should be asser- 
ted to latch data into the RAMs to perform a write 
through operation. When the address is next accessed 
it will reside in the cache. 

On a read cycle that does not generate a cache hit, the 
logic needs to initiate a retry operation to enable the 
cache to latch the data which is being read by the 
MC68020. 

Thirdly, on a read cycle, which causes a cache hit, the 
bus cycle needs to be terminated to allow zero wait 
state operation at 25 MHz from the cache. 

Write Cycles 

Assuming the cache is enabled then on a write cycle the 


output from U240D produces logic 0 (the output from 
U261C will be logic 0). This output produces a signal 
INHIBIT* which prevents the cache returning DSACKO*, 
DSACK1 *, HALT* and BERR* (U256A, B, C, D), used for 
read cycles (see Figure 2). 

A signal FORCEW* is also generated via U258B and 
U21 9C to control the output enable of the cache isolation 
buffers to allow data to be routed to the cache data RAMs 
(see Figure 5). 

The WRITEN* signal is finally generated from U258A to 
produce the W* enable for the TAG and DATA RAMs. 
WRITEN* is also used to enable the buffers: U2 1 2 - U2 1 4, 
to route the current logical address, function codes and size 
lines into the TAG RAMs (see Figure 4). 

Two banks of RAMs are used to obtain an 8 K entry long 
word cache; the lower bank of RAMs are enabled with 
LA 1 4* from U2 55C and the upper bank is enabled by LAI 4. 
This is needed to allow 25 MHz operation (25 ns SRAM - 
MCM6268-25 -are used as shown in Figure 4). 

On the assertion of DSACKO*, DSACK1 * from the external 
physical memory the two D-type flip-flops U235A and 
U253B (see Figure 2) are used to negate the WRITEN* just 
after the falling edge of the processor clock S4 (just after the 
MC68020 latches data). On the negation of WRITEN*, tag 
data is written into the tag field. 

The information on the data bus is latched into the cache 
data RAM and the tag buffers and data isolation buffers iso- 
late the cache from the system busses. This section together 
with the whole entry update mechanism must operate 
logically very quickly hence FAST logic is used 
throughout. 

Read Cycle with a Cache Miss 

Timing diagram 1 shows the cache sequence when a cache 
miss occurs. From this diagram it can be seen that the 
addresses on the address bus do not become stable until 5 
ns into S 1 worst case. At this point it will take 25 ns to obtain 
information from the TAG data RAMs (the RAMs are per- 
manently enabled). 

In addition to this there is a delay through two levels of com- 
parator (U21 5 - U218). This gives an absolute maximum 
propagation delay time of 46 ns after the address bus is sta- 
ble before a valid CHIT* signal is generated. With the above 
conditions a valid cache hit signal (CHIT*) should be asserted 
in the middle of S3 for a TAG match. The entry update 
mechanism uses this information to determine if there is 
going to be a cache miss or a cache hit. 

In the case of a cache miss the following sequence of events 
are executed: DSACKO* and DSACK1 * are asserted by the 
assertion of the MC68020 AS* (U255B) by U256A and 
U256B as shown in Figure 2. The INHIBIT is set to a logic 1 
by U261C, U261D and U262A. U252A is then used to 
bring U252B out of RESET on the falling edge of S2. This D- 
type is then used to sample the CHIT* signal in the middle of 
S3. In the case of a cache miss the D input will still remain 
high, forcing the cache miss signal CMISS to go high. This is 
used to enable external data buffers for the MC68020. This 
causes the BERR* and HALT* signal to be asserted 
simultaneously to request a retry cycle (via U261 B, U256C 
and U256D). This takes advantage of the MC68020's ability 
to recognize a late retry if spec 27 A is satisfied. (Note that 
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68020 inserts an additional 3 clock cycles after S5 of 
this cycle). 

On the termination of this bus cycle all signals are negated 
as shown in the timing diagram, with the exception of the 
INHIBIT. This is because on the rising edge of LAS* the out- 
put from Q* of U269A is fed back to the input to produce a 
low INHIBIT signal for the following retry cycle This low 
INHIBIT signal prevents the DSACKO*, DSACK1 *, BERR* 
and HALT* lines from being asserted by the cache during the 
retry cycle. 

Timing diagram 2 shows the retry cycle. The length of this 
cycle is determined by the actual physical device being read 
so it is shown as an unknown number of wait states. The 
same cycle is repeated as above, however, during this cycle 
INHIBIT has been asserted causing FORCEW* (force a 
write to the RAMs) and WRITEN* to be asserted. This has 
the effect of updating the cache on the read cycle by forcing 
the cache to latch the addresses, function code and size 
signals to the TAG RAM and the DATA bus contents into the 
data RAMs. 

The buffers U236 - U239 are enabled by (CHIT*) ANDed 
with (FORCEW*) and the direction is controlled by CHIT*. In 
this case CH IT* is a logic 1 causing data to be written into the 
RAMs. The buffers U212 - U214 are enabled by the 
WRITEN* signal. 

On return of the DSACKO* DSACK1* from the physical 
system, the WRITEN* signal is negated (via U257A, 
U255C, U253A, U253B, U21 9B and U258A) to latch data 
into the RAMs just after the falling edge of S4. 

In addition to this all the signals are negated at the end of 
the cycle and the INHIBIT signal returns to a logic 1 level on 
the negation of LAS* (U262A and U240D). 

Read Cycle with a Cache Hit 

When a read cycle occurs at an address which has a corres- 
ponding input in the cache, a cache hit will occur. This cycle 


is similar to the one above except the CHIT* signal from the 
comparators U21 5 - U21 8 is asserted by the middle of S3, 
setting CMISS inactive (output from Q of U252B is set to a 
logic low) and forcing the external data buffers to be disabled 
preventing data bus contention. The BERR* and HALT* are 
also prevented from being asserted by U261B so no late 
retry cycle is signalled to the MC68020. 

Finally, the cache data RAM isolation buffers U236 - U239 
are enabled and the direction is selected to be output from 
the RAMs to the data bus. As there is no bus activity which 
stops the recognition of DSACKO* and DSACK1 *, this read 
cycle by the MC68020 from the cache is performed in zero 
wait states at 25 MHz. 

At the end of the cycle all the signals are negated for the 
next bus cycle. 

CONCLUSION 

The design of a 25 MHz logical data cache to interface bet- 
ween the processor and an MMU involves the use of very 
fast logic and static RAMs for zero wait state operation. The 
RAM access speed required in this application is 25 nS to 
allow no wait states operation. 

The control logic has been designed discretely with FAST 
Schottky TTL since the use of PLAs would have a serious 
effect on gate propagation delay times. 

The MC68020 supports a late retry cycle recognition and 
this is used in the design to take corrective action in the case 
of a cache miss. 

As greater performance is required from the MC68020 the 
move towards high frequency zero-wait state operation 
becomes a more important requirement. If an MMU is 
placed between the processor and memory this will have an 
effect on zero-wait operation at the higher frequencies. 

If the logical data cache can be made large enough, so that a 
high hit rate can be achieved, then slower physical memory 
could be tolerated in the system. 
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Figure 1 : Block Diagram 
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Figure 2: Entry Update Mechanism 
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Figure 3: Control Logic 
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Figure 4: TAG Address RAMs 
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Timing Diagram 1 - Cache Miss 
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MOTOROLA’S 
RADICAL SRAM 
DESIGN SPEEDS 
SYSTEMS 40% 

Key to higher throughput is a 
synchronous clocked architecture and 
on-chip I/O latches; the combination 
cuts interconnection delay by up to 20 ns 


by Bernard C. Cole 


E ngineers at Motorola Inc.’s MOS Memo- 
ry Products Division are taking a radi- 
cally different approach from the cur- 
rent asynchronous architecture for stat- 
ic random-access memories. They are developing 
a synchronous architecture the company claims 
will improve system throughput by as much as 
40% and will reduce system component count by 
as much as 50%. 

The keys to the Austin, Texas, division’s new 
architecture are: replacing the traditional self- 
clocked address-transition-detection circuitry, 
found in conventional asynchronous SRAMs, with a 
synchronous clocked architecture, and adding criti- 
cal input and output latches on-chip. The combina- 
tion of these features eliminates as much as 8 to 
10 ns of interconnection delay on input and on 
output, says William Martino, the division’s design 
manager for specialized memories. It also elimi- 
nates circuitry often required to make asynchro- 
nous devices appear synchronous in high-perfor- 
mance cache-memory systems, which depend 
heavily on the synchronization of critical timing 
parameters. Also incorporated on the 
chip are drive transistors capable of 
driving buses with capacitive loads 
of up to 130 pF without additional 
external circuitry. Motorola design- 
ers also enlarged the geometries to 
increase the inherent drive capability 
of the devices. 

The new architecture has been in- 
corporated into four initial products 
that are members of a new family of 
16-Kbit-by-4-bit SRAMs with cycle 
times ranging from 25 to 35 ns and 
access times in the 10 to 35 ns range. 
This equals that of comparably sized 
asynchronous SRAMs fabricated with 
the same 1 . 5 -/mi double-metal CMOS 
process [ Electronics , Aug. 7, 1986, 
p. 81], says Frank Miller, synchro- 
nous SRAM project leader at the divi- 
sion. But Miller emphasizes that the 
elimination of as much as 20 ns of 
interconnection delay can almost 
double system-level performance. 

Motorola expects to offer sam- 
ples of the four clocked synchro- 
nous SRAM parts within about a 
month and plans to be in volume 
production by the end of the fourth 
quarter. Two of the devices, the 
MCM6292 and 6295, incorporate 
level-sensitive transparent latches, 
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1. ASYNCHRONOUS. Using asynchronous SRAMs, designers of high-performance synchro- 
nous systems must incorporate latches on the inputs and outputs, adding 1 5 to 20 ns of delay. 
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whereas the MCM6293 and 6294 use positive- 
edge-triggered latches. Also the 6294 and 6295 
each have an output enable pin that allows 
the user asynchronous control of the output 
buffers, allowing the parts to be used in com- 
mon I/O at the board level. All the devices fea- 
ture an active ac power dissipation of 600 mW 
and an active dc power of only 100 mW. 

The advantages of Motorola’s new family of 
synchronous SRAMs outweigh the advantages of 
asynchronous devices, Martino says. In asyn- 
chronous devices, great reliance is placed on ad- 
dress-transition detection, a self-clocking scheme 
that uses the address-signal transition, or edge, 
as a reference to synchronizing all operations on 
the chip to that signal. Martino says that asyn- 
chronous SRAMs are widely used because they 
allow and recognize address changes at any 
time. As a result, no external global clock is 
necessary to access data, making them easy to 
use. Also, compared with dynamic RAMs, asyn- 
chronous SRAMs take much less external circuit- 
ry, says Miller. Because they are free-running, 
the addresses can be changed whenever needed, 
and they are very easy to control. 

Although they are easy to use, asynchronous 
SRAMs must be surrounded by considerable ex- 
ternal logic (see fig. 1) in many applications in 
high-performance processor systems such as 
writable control stores, data caches, and cache- 
tag memories [. Electronics , June 11, 1987, p. 78] 
that require synchronous operation. The extra 
circuitry imposes a considerable performance 
penalty, and that can be a problem in cache 
applications in particular, says Martino, where 
the speed of memory typically must be at least 
an order of magnitude faster than main memory. 
Also, for a cache to work properly, critical tim- 
ing relationships must be preserved 
so that a variety of simultaneous 
operations can be coordinated, such 
as searching the tag store, getting 
data out of cache, and replacing 
proper entries in the cache. The 
added delay of the external logic 
can make it difficult to preserve 
these relationships. 

When system speeds were in the 
200-ns range, Miller says, the addi- 
tional 10-to-20-ns penalty of this ex- 
ternal logic could be tolerated. “But 
with processor speeds improving so 
dramatically, now pushing below 
100 ns toward 50 ns, this is a penal- 
ty that is critical, especially since 
the speed of the external logic has 
not kept pace with the improve- 
ments in speed at the chip level.” 

Depending on the type of regis- 
ter involved and the process used, 
the delay time, even with high-per- 
formance logic families, can be re- 
duced to no more than 7 to 10 ns, 


says Martino. As a result, most speed improve- 
ments have come by pushing the speed of the 
memory chips themselves. But, as processors 
speed up, memories with sufficiently low access 
times are getting harder and harder to produce 
inexpensively, Martino says. Current 25-to-35-ns 
asynchronous SRAMs are barely adequate, he 
says. And newer processors will require a sys- 
tem throughput of no more than 35 to 40 ns. For 
such throughputs, SRAMs must be pushed to be- 
low 10 ns, only achievable now with bipolar and 
biCMOS circuits, but at much higher power. 
“However, even if parts are pushed down to 1 ns 
and under, there is still that 10 ns on the input 
and another 10 ns on the output to deal with,” 
says Martino. 

The most important element in Motorola’s new 
SRAM architecture (see fig. 2) is the incorporation 
of the external input and output latches neces- 
sary for synchronous operation on board. This 
design considerably simplifies system design and 
reduces interconnection delay. “By pulling all of 
that glue logic on board, it is no longer necessary 
to drive a large bus to TTL levels,” says Martino. 
“It is now done on-chip, reducing the 10-ns delay 
down to picosecond levels. This allows the use 
of a 25-ns part for a 25-to-30-ns bus, rather than 
using more expensive, power-hungry 10- and 15- 
ns parts for the same chore.” 

The Motorola architecture uses address-input 
latches to hold the addresses so that the proc- 
essor does not have to hold the addresses valid 
for the entire cycle. A similar function is served 
by the data latches on the input. The latches 
on the output, however, serve a dual function. 
First, they provide a longer setup and hold 
time over which the data is valid on the bus, 
necessary in most processing systems. With a 
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2. SYNCHRONOUS. By incorporating latches and drivers on-chip, Motorola’s synchronous 
SRAM reduces chip count by more than 50% and reduces interconnection delay. 
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standard SRAM at minimum cycle time, that time 
is about 5 ns without any external latching. This 
is not enough time for most systems, which re- 
quire the data to be on the bus for at least 15 to 
20 ns, for the processor to receive the valid data. 
The other function of the latches is to provide 
the extra drive needed to drive the buses with 
capacitive loads of up to 130 pF. 


The designers of the new SRAMs have 
eliminated the address-detection-transition 
circuitry; now they use on-chip clock input 
for a synchronous clocking scheme 


Also incorporated on-chip to support the syn- 
chronous operation of the latches is a clock input 
that controls when the latches are transparent 
and when they are brought into play. Usually 
this clock input is a derivative of the system 
clock; that is, the latches are controlled by the 
edge of the system clock. 

The Motorola designers have eliminated the 
address-detection-transition circuitry in the new 
SRAMs. Instead, they use the on-chip clock input 
to incorporate a synchronous clocking scheme in 
which the necessary address, data, chip-select, 
and write-enable information previously brought 
on board the chip by the address-detection-transi- 
tion circuitry is now accessed at the beginning of 
the cycle in reference to the external clock, 
rather than to the address edge as in the asyn- 
chronous scheme. The technique, says Martino, 
is similar to how a DRAM brings in its addresses 


with setup and hold times in relation to a read- 
access or column-access signal input. “Since this 
device employs a clock with a high-going edge at 
the beginning of each cycle, it is no longer neces- 
sary to detect address- transitions,” he 
says. “The system will tell the chip when to 
supply the necessary information by providing 
the clock at the appropriate time.” 

To eliminate the external drive circuitry, the 
inherent drive capability of the devices was in- 
creased fourfold, says Miller. So Motorola de- 
signers enlarged the geometries used to fabri- 
cate the pull-up and pull-down transistors, typi- 
cally on the order of 1,500 jum wide, compared 
with 400- to 600-jLim widths on the standard 30-pF 
devices, and as small as 6 pm in the memory 
array and 80 pm in the peripheral circuitry. 
Moreover, to achieve higher speed in spite of the 
higher drive currents, n-channel devices, which 
are only output devices, were used rather than 
the slower p-channel devices. Furthermore, these 
output devices were speeded up by incorporating 
a separate ground-supply pin for the output driv- 
ers. “This allowed us to burn more current in 
the output drivers without corrupting the opera- 
tion of the rest of the circuit,” Miller says. 

Although this required a substantial increase 
in the area devoted to the drive circuitry, the 
chip size, 146 by 404 mils, is not substantially 
larger than comparable 64-Kbit asynchronous 
SRAMs. The extra area required for the larger 
drivers and for the internal clocking circuitry is 
offset by the area eliminated by removal of the 
address-transition-detection circuitry required on 
asynchronous parts, Martino says. □ 


INGENIOUS SRAM DESIGN WAS DONE IN REMARKABLY SHORT TIME 


For a memory device of such complexity 
and ingenious design, Motorola’s new 
clocked synchronous static random-ac- 
cess-memory design was completed in a 
remarkably short time — only 12 months. 
Moreover, most of the work was done 
by a four-person design team: William 
Martino, design manager for specialized 
memories; Frank Miller, synchronous 
SRAM project leader; chip designer 
Scott Remington; and layout engineer 
Richard Southerland. 

One reason for the fast turnaround 
was that the array and much of the 
peripheral circuitry is identical to what 
was used in the company’s family of 
asynchronous 64-Kbit SRAMs, says 
Miller. “All we had to do was strip off 
those portions of the circuit relating to 
the asynchronous operation and replace 
them with new synchronous elements.” 

The team drew from two sources for 
the features incorporated into the syn- 
chronous design — including their cumula- 


tive design experience. Miller has seven 
years’ experience in memory design. 
Remington, an eight-year Motorola veter- 
an, worked on the company’s 64-Kbit and 
1- Mbit DRAMs. Southerland, a five-year 
Texas Instruments veteran, worked on 



EXPERTS. Miller, Southerland, and Remington, 
from left, are old hands at memory design. 


most of Motorola’s asynchronous SRAMs 
in his two years with the company. 

The other source was extensive input 
from Motorola’s customers. “We spent 
several months defining a variety of 
special-application memory devices, 
from dual-port SRAMs and video 
DRAMs to content-addressable memo- 
ries,” says Miller. “But when we started 
taking these designs around to custom- 
ers for input, we found they were most 
concerned with ways to make standard 
parts work- better. For designers of 
high-performance systems using cache 
architectures, one of the largest com- 
mon denominators was complaints that 
they had to surround the asynchronous 
parts with a variety of glue logic to 
operate appropriately in a synchronous 
environment. 

“The key is listening to the custom- 
ers, finding out what their specific com- 
plaints are, and coming up with parts 
that satisfy those needs.” 
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INTRODUCTION 

The market for semiconductor memory products suitable 
for today's high speed cache applications is changing dra- 
matically as the demand for higher performance super mini, 
ASIC, and microprocessor based computers rapidly increases. 
This development has put heavy pressure on MOS memory 
suppliers for faster and faster static RAMs to support shorter 
and shorter processor cycle times. To utilize their full system 
performance, fast SRAMs require precise system control, long 
address hold times, and have tight write pulse requirements. 
They provide short data valid time, cause common I/O data 
contention, and offer low drive capability. Todays high per- 
formance processors themselves have similar I/O require- 
ments. Therefore system designers have many concerns when 
designing a fast memory subsystem. They must use additional 
logic (latches, drivers, pulse generators, etc.) to allow the 
memory subsystem to interact efficiently with the processor 
at the fastest system cycle times. 

A solution to get the memory and the processor to work 
well together at fast cycle and access times lies not only in 
faster components, but in minimizing the need for external 
glue logic and its associated delays. The Synchronous Static 
RAM is defined as having on chip latches for all its inputs and 
outputs, added drive capability, and a self timed write cycle 
all under the control of the system clock. This eliminates the 
need for most external logic chips and allows the memory to 
run at higher system speeds than standard SRAMs with com- 
parable access times. 

This paper outlines the basic architecture of a Synchronous 
SRAM that Motorola plans to introduce in the first half of 
1988. We will highlight its advantages over standard SRAMs 
in high frequency computer system operation. This is followed 
by an application example for a MC68030 cache subsystem. 

ARCHITECTURE AND OPERATION 
ARCHITECTURE 

A block diagram of the 16Kx4 Synchronous SRAM is 
shown in Figure 1. This_diagram shows all inputs, outputs, 
and control signals (W, S, and K) to the part; addresses (A0- 
A13), data in (D0-D3), data out (Q0-Q3), clock (K), chip select 
(S), and write enable (W). All inputs, outputs, write enable, 
and chip select are latched by the clock. 

The latches are one of two types, either positive edge trig- 
gered or transparent. The positive edge triggered latches are 


latched by the rising edge of clock (K). The transparent latches 
are frozen when the clock is in the high state and open when 
it is in the low state. Our parts feature two of the possible 
combinations of input and output latches. The first part, the 
MCM6292, features edge triggered latches on the inputs and 
transparent latches on the outputs. Our second part, the 
MCM6293, has edge triggered latches on both inputs and 
outputs, to aid in pipelining data. 

The output buffers on all of our parts are capable of driving 
130 pF loads. The output buffers were designed to drive this 
load because in some systems the latches that they replace 
would be required to drive a comparable size load. Due to the 
size of load that the output buffers must drive, and the speed 
at which the part operates, we have added an extra ground 
pin (V$SQ)* This pin is the ground connection for all of our 
output drivers, and allows us to drive our outputs harder and 
also gives us noise immunity on the ground bus. 

For systems that require a common I/O configuration we 
expect to offer the MCM6295 and the MCM6294, which are 
the MCM6292 and the MCM6293 with an asynchronous output 
enable (G) option. These parts, the MCM6294 and the 
MCM6295, replace the chip select (S) buffer with an asyn- 
chronous output enable (G) buffer. 

OPERATION 

The operation of these parts is much the same as a standard 
16K x 4 SRAM except for the fact that the inputs and outputs 
are latched and the cycle begins with the low to high transition 
of the clock. The following examples will concentrate on a 
read and write cycle for both the MCM6292 and the MCM6293. 
The MCM6294 and MCM6295 read and write cycles are the 
same as the MCM6292 and the MCM6293 except that the 
outputs can be put into £ high impedance state at any time 
by using output enable (G). 

During a read, see Figure 2, all inputs are latched into the 
part at the rising edge of the clock (K) in both the MCM6292 
and the MCM6293. For the MCM6292, when clock goes high, 
the outputs become latched and are held in that state until 
the clock falls low. Since the output latches are transparent, 
during clock low time, there are two possible access times, 
tKHQV and tKLQV- These access times are dependent upon 
the high pulse width of the clock. If the high pulse width is 
less than the access time of the memory array the longer 
tKHQV s P ec is the clock access time. However if the clock 
high pulse is longer than the memory array access time, the 
clock access time becomes tKLQV- Fo r the MCM6293 the 
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Figure 1. Synchronous SRAM Block Diagram 


outputs transition only when the clock switches from low to 
high. The output data that is latched during the low to high 
transition of the clock is the data from the previous read cycle. 

For the write cycle, see Figure 3, all inputs are handled in 
the same manner as in the read. Since both write enable and 
the input data are sampled on the rising edge of the clock the 
write becomes self timed. This eliminates the need for complex 
off chip write pulse generating circuitry. The outputs are put 
in a high impedance state tig r >7 after the clock falls low for 
the MCM6292. In the MCM6293 the output buffers will not 
go into a high impedance state until the low to high transition 
of the clock at the beginning of the next cycle. The MCM6294 
and the MCM6295 allow the user to put the output buffers 
into a high impedance state asynchronously by using the out- 
put enable input. This allows the user to put the output buffers 
into a high impedance state earlier in the cycle, which eases 
the data contention problem when the part is used in a common 
I/O system configuration. 


SYSTEM ADVANTAGES (SRAM vs SSRAM) 

SYSTEM DESCRIPTION AND TIMING 

Figure 7 shows two examples of a 16K x 32 bit memory using 
standard parts. The systems shown require eighteen parts 
each, ten latches and eight 16K x 4 SRAMs, to implement the 
same function as eight synchronous SRAMs and no glue logic. 

The functional equivalent of a MCM6292 is the standard 
16K x 4 SRAM with edge triggered latches on the inputs and 
transparent latches on the outputs, as shown at the top of 
Figure 7. The parts used in this example are six 'F374 octal 
D-type flip flops, four 'F373 octal transparent latches, and eight 
6288 16Kx4 SRAMs. The predicted timing diagram for the 
system is shown in Figure 4. This timing diagram compares 
the predicted system access with that of the MCM6292. In the 
timing diagrams an approximate skew of 5 ns was added to 
the address timing to allow for some propagation delay from 
the MPU or CPU. For the purpose of comparison, three timing 
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NOTE: AT —Address generation and transition time. 

Figure 4. Standard SRAM vs MCM6292 Timing Diagram 
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parameters were calculated, tCYC (cycle time), tAVQV (ad- 
dress valid to data out valid time), and tKQV (address clock 
valid to data out valid time). The equations used to calculate 
each of the timing parameters for the standard SRAMs are as 
follows: 

t CYC = Ta + Tb_Tc 
t|<QV = Ta + Tb + Td 
tAVQV = skew + setup + Ta + Tb + Td . 

The equivalent timing parameters for the MCM6292 can be 
determined as follows: 

tCYC = Tb 

*KQV = Tb 

tAVQV = skew + setup + Tb . 

The equivalent circuit for the MCM6293, as shown at the 
bottom of Figure 7, is a 16Kx4 SRAM with positive edge 
triggered latches on both inputs and outputs. For this example 
the parts used are, eight 6288 16Kx4 SRAMs and ten 'F374 
octal D-type flip flops. The timing diagrams for this example 
are shown in Figure 5. The equations for calculating the timing 
parameters are as follows: 

Standard SRAMs: 

tCYC = Ta + Tb-Tc 
tKQV = Ta + Tb + Td + Te 
tAVQV = skew + setup + Ta + Tb + Td + Te 

MCM6293: 

t CYC = Tb 
*KQV = Tb + Te 

tAVQV = skew + setup + Tb + Te 


SYSTEM COMPARISONS 

The timing parameters for the 25 ns 16Kx4 synchronous 
SRAMs and the equivalent circuits using 25 ns SRAMs are in 
Table 1 . Also in Table 1 are timing parameters for other systems 
using progressively faster and more expensive SRAMs. From 
this table it can be determined that if either tAVQV or l KQV 
were the most important timing constraints a much faster 
SRAM would be needed to match the performance of the 
synchronous SRAM. For the performance of the system built 
with standard parts to match the performance of the 25 ns 
MCM6292, it would be necessary to use a 10 ns SRAM. Sim- 
ilarly, if the system used 25 ns MCM6293s the equivalent sys- 
tem made from standard parts would require 15 ns SRAMs. 

Another important advantage of the synchronous parts over 
standard parts is the board level chip count; 18 parts are nec- 
essary when using standard SRAMs while only 8 parts are 
needed for the synchronous SRAM implementation. This is 
critical when board space is an important factor. Also, the fact 
that data and write enable are sampled on the rising edge of 
the clock, eliminates the need for complex write pulse gen- 
erating circuitry. Finally, in order to get the high speed per- 
formance out of standard SRAMs, it requires precise timing 
and phase control of two clock signals (K1 and K2), while in 
the synchronous part only one clock (K) is needed. 


APPLICATION: MC68030 CACHE SUBSYSTEM 

The Synchronous SRAM combined with the Motorola 
MC68030 microprocessor illustrates the potential of this ad- 
vanced memory architecture. The high frequency performance 
of microprocessors like the MC68030 can be impaired by having 


STANDARD SRAM WITH EDGE TRIGGERED LATCHES ON ftlPUTS AND OUTPUTS 
(tAVQV = 54 ns > tCYC = 25 n *l 
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to wait for slow memory to respond. For this example we will 
use a 16K by 32-bit cache system running at frequencies of 
up to 33-1 /3 MHz. This does not mean that you can purchase 
MC68030 processors today at this speed, only that our 25 ns 
SSRAM will support this processor up to that speed. The 
MC68030 timings used for this example are extrapolated from 
the current 16.67 and 20 MHz specifications that exist today 
and are not intended to be the official specifications. 

We will exploit the processor's burst read cycle which sup- 
ports burst filling of its on-chip instruction and data caches, 
adding to the overall system performance. The on-chip caches 


are organized with a block size of four long words, so that 
there is only one tag for the four long words in a block. Since 
locality of reference is present to some degree in most pro- 
grams, filling of all four entries when a single entry misses can 
be advantageous, especially if the time spent filling the ad- 
ditional entries is minimal. When the caches are burst-filled, 
data can be latched by the processor in as little as one clock 
for each 32 bitsJ 

The timing diagram shown in Figure 8 shows a burst read 
cycle (four 32-bit words read) in a 3-1-1-1 clock cycle config- 
uration. The first word is read in 3 clock cycles and the re- 
maining three words are read in one clock cycle e ach. The 
burst read cycle begins with a cache burst request (CBREQ) 
f rom the processor followed by a cache burst acknowledge 
(CBACK) from the memory controller. This means the pro- 
cessor is requesting a burst cycle and the accessed memory 
can comply. During the burst cycle the processor supplies the 
starting address in the normal synchronous fashion and holds 
it valid until all four long words are read. It does not provide 
the next three addresses required to complete the burst fill, 
so they must be generated off chip. For this example we used 
a 'FI 91 counter whose control signals, PL and CE, a re gen- 
erated in a cache controller. The clock input, CP (CLK), is the 
opposite phase of the system clock. The S SRAM operates 
with the same inverted system clock (CLK) and receives its 
addresses from two sources; A2-A13 are supplied from the 
processor's address bus, and A0-A1 are supplied from the 
'FI 91 counter to allow nibble counting as shown in Figure 6. 


STANDARD SRAM WITH EDGE TRIGGERED LATCHES ON INPUTS AND 
TRANSPARENT LATCHES ON OUTPUTS 



STANDARD SRAM WITH EDGE TRIGGERED LATCHES ON INPUTS AND OUTPUTS 



Figure 7. Standard SRAM Implementations 
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Figure 8. MC68030 Burst Fill Timing 
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Table 1. Timing Comparisons Between SSRAMs and SRAMs 



25 ns 

25 ns 

20 ns 

15 ns 

10 ns 

Timings 

SSRAM 

SRAM 

SRAM 

SRAM 

SRAM 

Trans. 

Edge Trig. 

Trans. 

Edge Trig. 

Trans. 

Edge Trig. 

Trans. 

Edge Trig. 

Trans. 

Edge Trig. 


Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

Output 

tCYC 

25 ns 

25 ns 

25 ns 

25 ns 

20 ns 

20 ns 

15 ns 

15 ns 

10 ns 

10 ns 

tAVQV 


45 ns 

50 ns 

54 ns 

45 ns 

49 ns 

40 ns 

44 ns 

35 ns 

39 ns 

*KQV 

25 ns 

35 ns 

43 ns 

43 ns 

38 ns 

38 ns 

33 ns 

33 ns 

28 ns 

28 ns 


The timing begins with the request, the acknowledgment 
and the generation of the first address. This address is used 
to access one of the four long words. Two low order address 
signals from this address must also be loaded into the counter. 
At the beginning of the cycle the parallel load signal for the 
counter is enabled, the address is then loaded in and the PL 
signal can be disabled. The counter will provide the memory 
this first address a propagation delay later and then increment 
it on successive clock edges to supply the memory with the 
remaining three needed addresses. After receiving all four 32- 
bit words the processor is free to continue. 

A similar system built using standard MCM6288 (16Kx4) 
type SRAMs would require the use of off-chip input and output 
latches ('F373 or 'F374 type) in addition to the counter. It 
would require four chips to perform the latching function for 
32-bit data in, and four chips to latch the 32-bit data out, for 
a total of eight additional 20 pin packages added to the memory 
PC board. This standard SRAM cache system would also 
require additional logic in the cache controller to support the 
write pulse, associated write enable and data in timing for 
write cycles, and the generation of a second clock (LE or CP) 
to separately control the input and output latches. To attain 
the cache system speed of 33-1 /3 MHz would require a SRAM 
access time of approximately one bin faster than the SSRAM. 
In addition the external glue logic would have to be faster than 
what is currently offered in the 74F series logic. 


SUMMARY 

There are many applications for high-speed Synchronous 
Static RAMs. The integration of latches, self timed writes, bus 
drive capability, and clock control greatly simplifies system 
level implementation and ease of use. These features will allow 
SSRAMs to continue to support higher frequency system op- 
eration. Depending on the application. Synchronous Static 
RAMs can provide up to a 10 to 15 ns improvement in system 
access time over SRAMs that spec the same chip speeds. 
They save precious board space by reducing the chip count, 
and simplify controller design for latch control and write cycles. 
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INTRODUCTION TO SYNCHRONOUS 
SRAM ARCHITECTURE 

Fast static RAMs (FSRAMs) are commanding a lot of at- 
tention from today's high performance system designers who 
frequently find that the speed of their system is limited by the 
performance of FSRAMs on the market. As 32-bit micropro- 
cessor-based systems become faster and more prevalent, the 
demand for sub 25 ns FSRAMs will grow even more. 

FSRAMs are the driving force behind semiconductor tech- 
nology today: they have the smallest circuit features— as low 
as 0.8 micron from some manufacturers— and use special pro- 
cesses like double-level metal and BIMOS. The Fast SRAM 
has come a long way from its slower ancestors like the 1 K x 4 
Model 2114. The ease of use and dependable performance 
that resulted from the asynchronous performance of SRAMs 
have been replaced by the raw speed which is pacing today's 
demand; however, FSRAMs are still expected to meet the 
basic SRAM specifications for pure asynchronous perfor- 
mance. This dichotomy has caused problems as chip designers 
come up with more innovative ways to speed up their circuits. 
Address transition-detection circuitry, for example, caused a 
number of problems when first introduced in 2K x 8 FSRAMs 
under certain system conditions. With such advanced tech- 
nology being used and the cost of manufacturing these chips 
so high. Motorola has developed an alternative to a high-tech 
15 ns access SRAM that uses conventional technology. 

Motorola's newest SRAMs are the first to fully embrace the 
primary purpose of Fast SRAMs. They totally abandon the 
previous definition of asynchronous SRAMs. They have the 
requirement of a clock signal, and are, therefore. Synchronous 
SRAMs. They have separate pins for input and output data, 
and do not specify standby power. 

Motorola offers four different 65,536-bit Synchronous 
SRAM family members organized as 16Kx4: Models 
MCM6292, MCM6293, MCM6294, and MCM6295. The tech- 
nology used for their implementation is the fast, low power- 
consuming, and noise-immune HCMOS III, which uses a sil- 
icon gate for its fabrication. One of the main advantages to 
using these devices is that they can be designed into system 
cache-memory or writeable control-store applications with 
fewer interfacing glue-type parts than the standard SRAM 
memory. Among the reasons for this are the integrated input 
and output latches that are capable of driving loads up to 130 
pF. Due to the increased operating speed of the device and 
the additional output-buffer loads, an extra ground pin has 
been placed on the chip. 

Four different devices have been specified so that all com- 
binations of the output-latching and output-enable features 
are in the offering. The MCM6292 comes equipped with latches 
that are edge triggered on the inputs but transparent on the 
outputs. To support systems with pipelined data, the 
MCM6293 is offered with edge-triggered latches on both the 

Reprinted with permission from ECN, Chilton Company, October 1987. 


inputs and outputs. The MCM6295 and MCM6294 are output- 
enable versions of the two basic parts. All of the Synchronous 
SRAMs come with separate data-in and data-out pins; how- 
ever, some systems specify a more conventional common 
I/O mode, and the ^synchronous output-enable control (G) 
which replaced the S signal on these parts can be helpful in 
such a case. 

In many designs using SRAMs, there is actually extra time 
during the cycle that is being wasted. In more critical appli- 
cations, the Synchronous SRAM offers an alternative to the 
conventional SRAM. An external clock input (K) can be used 
to precisely control the cycle by directing the operation of the 
on-chip latches. 

The designer of small personal computer systems can use 
the Synchronous SRAM in a number of storage areas. One 
of the primary applications, cache memory, is high-speed 
memory that resides between the central processing unit (CPU) 
and the main memory of the system. Accesses to this fast 
cache typically require 60 ns versus the 200 ns needed to 
perform an access to main memory. One way the cache is 
used is to store data or instructions from main memory that 
are frequently called for by an application. As an example of 
this, higher-level languages often use repetitive loops: by stor- 
ing the data necessary for these repeated operations and in- 
structions in the cache, accesses to the main memory can be 
avoided. 

A typical system is illustrated in Figure 1. It is configured 
as a cache memory residing between the CPU and the system 
bus. The system bus links the main memory and I/O devices 
to the CPU by way of the cache. 



Figure 1. A primary synchronous SRAM application is 
high-speed cache memory residing between the CPU 
and the main memory of a personal computer system. 
Accesses to the cache typically require 50 ns, whereas 
main memory takes 200 ns. 
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In operation, there is one set of locations in which data is 
stored and another set of locations containing a cache tag for 
each word in the cache. The cache tag identifies the main 
memory location with which the data is associated. A com- 
parison is made between the cache tags, which are located 
in the cache memory, and the address, which is generated by 
the microprocessor at the beginning of a cycle. If a cache tag 
and the address match, there is no access made to main 
memory, but instead the read or write cycle is executed on 
the corresponding byte of data stored in the cache. When the 
address does not find a match, a miss occurs, and new lo- 
cations must be read into the cache from main memory. 

A cache miss is the result of a mismatch between the cache 
tag and the desired address to be accessed by the CPU. When 
this occurs, the system logic is allowed to perform a retry of 
the previous access. The appropriate address is accessed from 
main memory. Following an update of the cache, the data is 
then available for processing. 

The cache hit rate is the actual percentage of accesses made 
to the cache in which the requested address is resident. In 
order to keep the hit rate as high as possible, a variety of 
software routines are used. The function of these routines is 
to keep the cache as full as possible with the most frequently 
used data. In so doing, the cache hit rate for both the data 
and instruction caches will be maximized, increasing overall 
information throughput. 

The Harvard architecture, an efficient method used in many 
current day applications, is characteristic of a configuration 
which supports parallelism throughout a system. Synchronous 
SRAMs can be organized as relatively small external caches 
connected to the data buses and instruction paths located 
between the CPU and main memory. This will allow simul- 
taneous instruction execution and data prefetches. The ex- 
ternal cache demonstrates another system speed en- 
hancement capability of these devices. 

ADDRESSING CONSIDERATIONS FOR 
READ/WRITE CYCLES 

To better understand the Synchronous SRAM's addressing 
capabilities in regard to read and write cycles, refer to Figure 


2. In this illustration, there are four MCM6292 synchronous 
SRAM devices configured to operate on a 16-bit data bus. 
Each memory has four data inputs and four data outputs to 
allow the transfer to data. The address bus consists of 14 
address bits, A0-A13. These 14 bits are required to decode 
and access the 65,536 memory locations of each device. The 
memory matrix is configured as 128 rows by 512 columns. The 
system clock is connected to the (K) input of each memory 
and used to latch all inputs, outputs, write enable, and chip 
select. 

In Figure 3, there are two different read-cycle timings being 
represented for the MCM6292 (transparent output latches). 
Both are examples of systems that use the rising edge of (K) 
to latch all inputs to the memory device. The states of the 
outputs are then held until the clock makes its transition to 
the low state. With this Synchronous SRAM, however, it is 
possible to have different memory access times, depending 
upon the condition of the clock (K). If the clock pulse is high 
for less than the 25 ns access time of the memory device, the 
total access time is rated at tKHQV or 25 ns (Read Cycle 1). 
On the other hand, if the high portion of the clock cycle lasts 
longer than 25 ns, the total access time becomes tKLQV (10 
ns maximum) plus the length of the clock high (Read Cycle 
2). 

Figure 4 has been included to show the timing of a write 
cycle. The timing of a write operation is similar to that of the 
previously discussed read cycle. One point to consider is that 
to generate a write pulse, there is no requirement for complex 
external interfacing chips. This is accomplished through the 
self-timing mechanism which samples both the write enable 
and input data when (K) rises. A high-impedance state is 
entered when the clock returns low. 

MPU AND MEMORY SPEED CONSIDERATIONS 
AT A SYSTEM LEVEL 

One consideration worth mentioning is that many memories 
are not able to keep up with very high-speed MPU control 
devices. This has been a problem with DRAM technology for 
a number of years. MPUs operating at clock speeds of over 
20 MHz are common in both business and engineering systems 



Figure 2. An array of synchronous SRAMs is configured for a 16-bit data bus. Each MCM6292 has four data inputs, 

four data outputs, and fourteen address lines. 
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ENHANCING SYSTEM PERFORMANCE . . . (AR260) 


READ CYCLE 1 (See Note 1) 



- PREVIOUS HIGH Z - 


READ CYCLE 2 (See Note 2) 



■ PREVIOUS HIGH Z 


NOTES: 

1. For Read Cycle 1 timing, clock high pulse width <(tKHQV -t KLQ\A 

2. For Read Cycle 2 timing, clock high pulse width ^(tKHQV -t KLQV)- 



Figure 3. If the system's clock high, tKHKL» Is shorter than the MCM6292's 25 ns access time, then the total access 
time will be 25 ns. However, if t«HKL Is longer than 25 ns, total access time is increased. 
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Figure 4. In a write cycle, the self-timing mechanism of the MCM6292 samples both the write enable and the input 

data when the clock signal, K, rises. 


in use today; therefore, 25 ns Synchronous SRAMs are ideal 
to operate with zero wait states. 

Wait states are implemented with slower SRAMs and most 
DRAMs to freeze the state of the microprocessor address and 
data bus for a clock cycle. As long as the signal controlling 
wait states is asserted, more wait-state periods will be gen- 
erated. The microprocessor resumes operation when the wait- 
state signal is negated. 

The alternative to implementing a wait state to halt the 
microprocessor for a slow memory device is to use the much 
faster Synchronous SRAM. Its timing parameters can be more 
exactly controlled, making the system operate more efficiently. 
Faster data throughput plus an improvement in overall system 
performance make the Synchronous SRAM cache a very cost- 
effective solution in a microprocessor-based system. 

When performing read and write operations in a personal 
computer system, the timing relationship between a high- 
speed microprocessor's system clock and a typical Synchron- 
ous SRAM's cycle time constraints is very critical. These op- 
erations could be as simple as inputting console information 
for CRT display outputs or as complex as supporting multi- 
tasking environments or concurrent execution of operations. 

High-performance microprocessor systems with operating 
frequencies of 20-25 MHz are a realistic timing example being 
offered today. For microprocessors capable of operating at 
these speeds, a 25 ns Synchronous SRAM is ideally suited. 
These devices not only provide precise clocked timing control, 
but also will support applications requiring system clocks run- 
ning at over 30 MHz. This can be accomplished without in- 
curring any degradation of the processor by inserting wait 
states. 


WHAT'S TO COME FROM 
SYNCHRONOUS SRAMs 

Very high cache hit rates can be attained from a relatively 
small cache store. The high-rate efficiency is primarily due to 
the fact that the cache is located external to the CPU rather 
than actually being an on-chip cache, as is the case with some 
high-performance microprocessors. 

In addition to the popular high-speed cache-memory appli- 
cations, Synchronous SRAMs are also ideal for writeable con- 
trol store environments. Data can be downloaded into a 
Synchronous SRAM array, and the information can be ac- 
cessed at very high speeds— much faster than from a DRAM 
array. 

Memories are taking on new roles. Because of this, they 
are being used in a wide variety of application areas and op- 
erating to support functions previously not possible. Future 
Synchronous SRAM devices will be even more complex and 
some will very likely contain higher degrees of intelligence. 
Many will be designed with special system functions in mind. 
Higher-speed operation working from lower voltage sources 
is just one example. There will be enhancements allowing the 
designer more flexibility and enabling him to reach supercom- 
puter performance. 

Current-day static memories support numerous applica- 
tions. The synchronous SRAMs discussed above will be of- 
fered in 300-mil, 28-lead CERDIP and 400-mil, 28-lead plastic 
SOJ packages. These configurations satisfy the requirements 
of most systems presently. As chip integration and sophisti- 
cation continue to advance, the packaging technology will also 
need to advance to promote future innovations within the 
industry. 

For more information on MCM6292-series synchronous 
SRAMs, contact Memory Marketing at Motorola, Inc., MOS 
Memory Products Div., P.O. Box 6000, Austin, TX 78762. (512) 
928-6700. 
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T o wring the best performance from the new 
breed of superfast microprocessors, sys- 
tem designers frequently turn to external 
caches. Direct mapped and set-associative 
caches offer advantages, compared with 
fully associative caches. In designing an ad- 
dress-tag-and-comparator system for a di- 
rect-mapped or set-associative cache, engi- 
neers must consider issues such as the 
speed of the hit, the address-bus loading, and the data- 
block size (see “What ’s the Cache V). 

Issues relating to the specific high-speed microproces- 
sor also crop up. For instance, a system built around the 
MC68030 microprocessor must support two-cycle reads 
and writes related to the address-tag-comparator timing. 
Designers must also resolve questions of whether or not 
and how to support a burst mode. To support this mode, 
they must decide on address-tag and cache-data-RAM 
requirements unique to the mode, such as automatically 
incrementing addresses for the address tags and the 
cache-data RAM. They must also consider the data setup 
and hold timing requirements at the processor. 

Cache Tag RAMs 

Matching the speed of the MC68030 microprocessor, 
the cache-tag comparators in the MCM4180, MCM62350, 
and MCM62351, organized to handle 4 kwords by 4 bits, 
compare data in the cache RAM with an external 4-bit- 
wide data field. The comparison results appear on the 
devices’ Match pins. Each of the cache-tag devices is bulk 
clearable and has read and write functions. Of all the 
cache-system configurations possible with this MCM 
family of RAMS, for a 32-bit-by-16-kword system, a block 
of four MCM4180s as tag valid-bits comparators and 
four MCM62350s provide the fastest hardware arrange- 
ment, least bus loading, and lowest cost (Fig. 1). 

The MCM4180 includes an Exclusive-Nor (XNOR) 
comparator, which matches each bit position with the 
stored data for a true result. This type of comparator 
requires that every bit position match the stored data for 
the result to be true. 

The MCM62350 and MCM62351 supply a user-confi- 
gurable comparator offering the conventional XNOR 
mode and an And-Or-Invert (AOI) mode. Unlike the 
XNOR mode, the AOI comparator treats zeros in any bit 
position as don’t-care bits during the compare operation. 
The AOI option is extremely useful for comparing status 
bits often stored with each address tag. The status bits 
can represent validating entry bits, which allow storing 
multiple data entries with each address-tag entry (block 
size = n), as well as individual so-called dirty bits needed 
for copy-back caching schemes. 

The MCM62350 and MCM62351 RAMs also feature bit- 
set and bit-clear write cycles, which allow individual bits 
to be unconditionally set or cleared through a mask. 
Thus, any combination of the four bits in any particular 
location can be set or cleared without having to read the 
RAM, modify the data, and write it back as in a conven- 
tional SRAM. This feature is useful with the AOI com- 
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parator for storing status bits. Also, 
both the MCM62350 and the 
MCM62351 have ground pins posi- 
tioned to achieve minimum self-in- 
ductance in both DIP and small-out- 
line J-type packages. 

The MCM62350 differs from the 
MCM62351 in that it offers a user- 
configurable Match-output active 
level. The MCM62351 has an active 
high open-drain Match output. Wire- 
ORed connections of separate Match 
pins allow the comparison width to 
expand efficiently. 

The design of external caches for 
the MC68030 involves two major tim- 
ing problem areas — in the address- 


tag-comparator and in the data 
cache. Since the synchronous bus 
protocol makes it possible to use 
short bus cycles and supports burst- 
mode accessing, the prudent design- 
er will also choose to use it for exter- 
nal cache interfacing to the MC68030 
( see “A Synchronous Bus Proto- 
col”). 

The primary challenge with timing 
the address-tag comparator is to 
avoid wait states when the processor 
runs at a high frequency. Generally, 
only a hit in any given bus cycle 
should assert the Synchronous Ter- 
mination Handshake (/STERM) sig- 
nal. The first order of business, then, 


is how to generate /STERM. 

To avoid a wait state, the MC68030 
asserts the worst-case Address 
Strobe (/AS) signal at the same time 
that the /STERM signal is activated. 
As a result, cache designs for this 
processor cannot generally use the 
/AS to signal the cache that a bus 
cycle is starting. 

Nevertheless, the address-tag 
comparison must be qualified based 
on valid addresses that /AS an- 
nounces. Fortunately, a signal called 
External Cycle Start (/ECS) is valid 
slightly earlier than the addresses. 
Whenever the processor needs an in- 
struction or data, it therefore asserts 


W , W ,- f pi ith a cache, when a 
M jft / processor executes a 

VW new task, it fetches 

W V from the system’s 
main dynamic memory the first 
instruction and corresponding 
data, plus the instructions and 
data for several subsequent oper- 
ations at adjacent memory ad- 
dresses. 

The cache’s SRAM memory 
fetches the instructions and data 
from the adjacent main-memory 
addresses because they have a 
high probability of being used in 
the operations that follow. Most 
programs contain loops, and if the 
cache is large enough, the needed 
information will be present in the 
fast cache, shortening the aver- 
age memory-access time. 

That’s a cache hit. If the cache 
doesn’t contain the information, a 
miss occurs. In this case, the main 
memory again responds, and the 
cache receives updated instruc- 
tions and data. 

A cache controller circuit se- 
quences the necessary functional 
steps. For normal program opera- 
tion, the system doesn’t directly 
address the cache. The cache sub- 
system stores both the informa- 
tion and its corresponding main- 
memory address. The controller 
compares the stored address in 
the cache, called the address tag, 


WHAT'S THE CACHEP 


with the address the processor 
provides to determine whether 
the cache contains the requested 
data. 

Cache types are usually delin- 
eated by their placement policy, or 
mapping algorithm, which deter- 
mines where new information is 
stored in the cache. Most caches 
are either associatively content 
addressable or directly mapped, 
random-accessible types. 

Whereas in a straight RAM, the 
processor directly accesses the in- 
formation, in a content-address- 
able memory a match with a 
stored address of the informa- 
tion’s original main-memory loca- 
tion causes the contents-address- 
able portion of the cache to re- 
spond with a pointer (see the fig- 
ure, opposite , left). The pointer, 
or address, then specifies the da- 
ta’s location in a random-access- 
memory portion of the cache sys- 
tem. This fully associative memo- 
ry cache copies the information in 
any main-memory location into 
any location in the cache. 

A directly mapped cache, on the 
other hand, uses random-access 
memories to store both an address 
tag and the information’s image 
(see the figure , opposite, right). 
The low-order bits of the address 
from the processor provide an in- 
dex into the address-tag-store 


portion of the cache system, 
which stores the high-order ad- 
dress bits. To determine whether 
the requested information resides 
in the cache, the system compares 
the high-order address bits, from 
the processor’s bus with the con- 
tents of the address-tag-store 
RAM. If they’re the same, the 
cache contains the requested in- 
formation, tinlike in afullyasso- 
eiative cache, in a directly mapped 
cache, a memory-address location 
has its information copied into 
only one unique location. 

The fully associative content- 
addressable memory cache can 
have a higher hit rate than any 
other cache type of the same size 
m. But it’s very expensive, com- 
pared with a directly mapped ran- 
dom-access cache memory of com- 
parable size. 

When n directly mapped caches 
operate in parallel, the cache is 
designated as an w-way set-asso- 
ciative type. Nevertheless, sys- 
tem designers may consider both 
directly mapped and fully associa- 
tive types as set-associative 
caches. A directly mapped cache 
is simply a one-way set-associa- 
tive type, and a fully associative 
one is an m - way set-associative 
type. 

A four-way set-associative 
cache yields about the same hit 
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/ECS during the clock’s high phase 
when the new addresses appear. 
Should the processor find what it 
needs in its internal caches, it would 
not assert /AS and an external bus 
cycle would not run. If /STERM acti- 
vates when no bus cycle runs, the 
processor ignores it. 

The timing diagram of the syn- 
chronous bus shows that after ad- 
dresses are valid, /STERM must be 
activated within just a half clock pe- 
riod minus the clock-rise time to 
avoid wait states. Operating at 25 
MHz, that leaves only 15 ns to check 
for a cache hit and assert /STERM if 
wait states are to be avoided. 


The circuit must furnish an extra 
gate for the results of the tag com- 
parator to be ANDed with a qualifi- 
er — a latched /ECS signal. A 74F64 
AOI gate can AND the Match sig- 
nals from the tag comparators to this 
qualifier. Unfortunately, this gate 
adds a 5.5-ns delay to the circuit. Con- 
sequently, the tag comparators must 
perform their comparison in 9.5 ns. 

Since TTL-compatible tag compar- 
ators aren’t that fast, this technique 
isn’t feasible. Two options remain: 
Always assert /STERM after /ECS, 
and if the cache misses assert 
/BERR and / HALT retry, or insert a 
wait state. With retries, at 25 MHz, 


the tag comparator has 35 ns to per- 
form its function and generate 
/STERM. At 33 MHz, it has just 28 
ns. For the wait-state option, 34.5 ns 
is available to generate /STERM af- 
ter the addresses are valid. 

Retries, however, can run into 
trouble. After requesting a retry, 
the processor must disable the cache 
to prevent a system deadlock condi- 
tion when the bus cycle reruns. Also, 
before the bus cycle can rerun, a two- 
clock-cycle delay occurs. As a result, 
the penalty incurred when the exter- 
nal cache misses might be greater 
than it would be if the processor as- 
serted /STERM only on a cache hit. 


rate as a fully associative one-way 
cache of the same size. In an n- 
way set-associative cache, any 
particular address location maps 
data in « locations in the cache. 

Consider the issues involved in 
designing the address-tag store 
and comparator of a directly 

formance, the time taken to bus 
load: the addresses should be mini- 
mum. Thus, one component 
n L n «ii] gtore r — * 
e tags to 


pal ja^gatkm. For a 1« 


bit address bus, the part must 
store a 16-bit-wide address-tag 
field, plus a 17thbitto indicate 
that the address tag is a valid en- 


try . Consequently, the storage of 
only one cache data item for each 
ss-iag entry— a block size 
to one— requires an ad- 


kwords by 17 bits. 
When 

each address 



Another event could also transfer 
the * ‘ 

way 
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dress tag is to have n validating 
bits stored along with the address 
tag. Then when the system re- 
cords a miss, the controller up- 
dates the address tag and sends 
only the validating bit corre- 
sponding to the transferred data 
item. This procedure requires 
a ^-bit data bus and one 
cycle to allocate a 
new cache line. 

.1 An increased block size would 
mean that designers need fewer 
components to build the 
_ store and compara- 
. A large block size with fewer 
uponents not only saves board 
spacer and shrinks cost, but also 
] reduces address-bus loading, 
which then, of course, will result 
in faster performance. 
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Therefore a no-wait-state cache with bursting solution. Storing a valid bit but only on the initial access, 
a low hit rate can perform worse for each long word per tag, then, re- The PAL should contain a decoder 
than a cache with a wait state. quires only checking the valid bit on to decode addresses A2 and A3 from 

A secondary difficulty with tag the fly during the bursting portion of the processor. The resulting one-of- 

comparators in MC68030 cache de- the burst-mode transfer. four outputs then enter a shift regis- 

signs is supporting burst-mode ac- This approach can exploit the fast ter, also built into the PAL. In this 
cesses. The address-tag-comparator timing of the compare port in an way, the four outputs from the PAL 
timing is clearly a limiting factor in MCM62350 or MCM62351 to store provide the compare port of the sta- 
the design of external caches for the the valid bits. It also allows the AOI tus-bit comparator with a rotating 
MC68030. Because the burst-mode comparator option for the valid-bit pointer. In the AOI comparator, a 
cycles furnish only a first address comparisons to operate effectively single valid bit compares when only 
for the four desired long words, the (Fig. 2). one of the four compare inputs is at a 

circuit must provide autoincrement- . _ logic-one level. The other three valid 

ing addressing to the address-tag A lALl OINTER bits become don’t cares, 

comparator and the cache-data The open-drain Match pins of the Ablocksizeof four not only allows 

RAMs. This requirement, coupled MCM62351s permit wire-ORing of single-cycle bursting to work, but it 
with the fact that burst transfers can the four address-tag outputs to the also saves components. Further- 
oceur in single clock cycles, implies matching circuit and thereby the more, because address-line loading 
that incrementing the addresses into elimination of a fan-in gate. A PAL is reduced, the processor can drive 
the address-tag comparator will not device makes possible a simple, fast its address bus more quickly. The re- 
be fast enough to support one-cycle input to this circuit by providing a suit is fast hardware, 
bursting. pointer for checking only the rele- The main data-RAM issues relate 

Organizing the cache with a block vant long word while bursting. The to burst mode. They include address 
size of four is a viable one-cycle address tag still needs comparison, autoincrementing and data setup 

NO WJUT-STAII CACHE FOR FAST RAMS 



1. A CACHE SYSTEM with four XNOR-configured comparators and one AOI configured comparator— each with a depth of 4-kword 
entries, a Hrkword-by-32-bit cache, and a block size of four— has the lowest cost, reduced bus loading, and fast hardware. 
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A SYNCHRONOUS BUS PROTOCOL 


T he MC68030 adds a new 
bus protocol — the syn- 
chronous bus cycle — to 
the MC68XXX family of 
processors. Like its predecessors, 
the MC68030 supports the stan- 
dard asynchronous bus protocol. 
Unlike the asynchronous bus on 
the MC68020, the 60830's synchro- 
nous bus doesn’t support dynamic 
bus sizing. As a result, all syn- 
chronous bus cycles issue from a 
32-bit port 

The minimum length of the 
MC68030’s synchronous bus cycle 
is two clock periods, whereas the 
MC68020 has a minimum bus cy- 
cle of three clock periods. Also, 
the MC68030 has on-chip memory- 
management functions; the 
MC68020 does not. Since an 
MC68851 memory-management 
unit requires a clock cycle to 
translate logical addresses to 
physical addresses, the minimum 
physical bus-cycle length of an 
M C68020-M C68851 combination 
requires four clock periods. The 
MC68030 bus can therefore oper- 
ate twice as fast as an equivalent 
MC68020-MC68851 system at any 
given clock frequency. 

Another feature added to the 
MC68030 bus, the burst-mode pro- 
tocol runs only in synchronous 
mode. The MC68030 has two inter- 
nal caches — an instruction cache 
and a data cache. Both have 16 
lines with a block size of four (four 
32-bit words per address tag). 
When either internal cache of the 
MC68030 records a line miss from 
a cachable area of main memory, 
the system attempts to burst four 
long 32-bit words to fill the new 
line. 

The processor places the ad- 
dress of the first long word on the 
bus and expects the return of the 
corresponding data, plus three ad- 
ditional long words, in as little as 
three clock cycles. The processor 
doesn’t change the address on the 
bus during these subsequent 
transfers. Rather, it assumes that 


the external memory increments 
address lines A2 and A3 in a modu- 
lo-four fashion, as if the the bus 
were operating in nibble mode. 
Thus, with no wait states, the 
MC68030 receives as many as four 
long words in just five clock cy- 
cles by using the burst-mode pro- 
tocol. Because the application’s 
characteristics affect the type of 
code the system runs, the decision 
of whether or not to use the burst, 
mode is very important. System 
designers would do well to study 
the matter in depth. 

A knowledge of the timing re- 
quirements of no-wait-state oper- 
ation is crucial to understanding 
how the MC68030’s synchronous 
bus operates (see the figure ), 
When a new bus cycle starts, the 
processor delivers memory, ad- 
dresses during a system-clock 
high time, but the addresses are 
guaranteed valid only at the end 
of the clock high time. 

To avoid wait states, the Syn- 
chronous Termination Hand- 
shake signal, /STERM, must as- 
sert 0 ns before the rising edge of 
the next system-clock pulse. If 
this condition Is met, the proces- 
sor latches the data on the next 
falling edge of the clock. The pro- 
cessor needs a 5-ns setup time for 
the data with respect to the falling 
edge of the clock. 

If the processor requires wait 
states, /STERM can be delayed 
relative to the clock rising edge to 
allow the use of slow memories in 
the synchronous mode. This fea- 
ture applies also to burst-mode cy- 
cles. But when the processor rec- 
ognizes /STERM on a clock rising 
edge, data latches on the next fall- 
ing edge, subject, of course, to ad- 
equate setup and hold times. 

When the processor runs a 
burst cycle, it can accept new data 
with the same setup time to the 
clock on the clock’s next three fall- 
ing edges. The processor also 
needs an 8-ns data hold time after 
the clock falls when operating at 


25 MHz. Accordingly, if the pro- 
cessor runs burst cycles at 25 
MHz, the data must be valid dur- 
ing the bursting portion of the cy- 
cle for 13 ns of the 40-ns clock peri- 
od to meet the processor’s setup 
and hold time requirements. 

Like its predecessors, the 
MC68030 microprocessor sup- 
ports bus retries and reruns. If 
the bus-termination handshake 
STERM/, or DSACKx/, is assert- 
ed with proper setup time relative 
to a rising clock edge, activating 
BERR/ and HALT/ with a 5-ns 
setup relative to the next falling 
edge of the clock aborts and re- 
runs the current bus cycle. But 
this action results in two dead 
clocks on the bus before the bus 
cycle restarts. Nevertheless, no 
wait-state caches designed for the 
MC68030 use tins technique to 
prevent the processor from latch- 
ing bad data when an external 
cache records a miss. 
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1 2. ORGANIZING THE CACHE with a block size of four is a viable single-cycle burst-mode solution. This approach can exploit the 
fast timing of the compare port in an MCM62350 or MCM62351 to store the valid bits and make it possible to effectively apply the AOI 
comparator option for the valid-bit comparisons. The open-drain Match pins of the MCM62351 permit the wire-ORing of the four address-tag 
outputs to the matching circuit, thereby eliminating a fan-in gate. 


and hold timing to the processor. At 
issue is whether burst mode sup- 
ports two-cycle write timing. 

If a synchronous bus cycle is run, 
the data must set up at the processor 
without delay (in 5 ns), before the 
first falling edge of the clock after 
the pr ocessor recognizes the 
STEKM signal. If the cycle is two 
clock periods, then the time available 
to access the cache-data RAM equals 
a clock period. For a 25-MHz clock, 
the time available would be 35-ns. A 
33-MHz clock would yield a 25-ns in- 
terval. 

For single-clock burst cycles, also, 
35 ns is available for RAM accesses 
at 25 MHz. But the data hold time af- 


ter a clock low at 25 MHz is merely 15 
ns. That short time interval calls for 
very fast output-enable SRAMs, 
such as the MCM6290. 

To support the burst mode, a 
74F191 counter, inserted in series 
with A2 and A3 address pins, gives 
two incremental addresses to the 
cache-data run for autoincrement 
addressing. Unfortunately, the pro- 
cessor’s data-hold-time require- 
ments prevent this scheme from 
working. Besides, the counter’s la- 
tency in a parallel-load mode re- 
quires a RAM faster than 35 ns. 

A MCM6295 synchronous SRAM 
as the cache-data RAM, with one 
74F191 counter, readily supports sin- 


gle-cycle bursting (Fig. 2). Latching 
the data outputs when the synchro- 
nous SRAM clock is low resolves the 
issue of data-hold time. Further- 
more, once the synchronous SRAM 
clock drives high, the addresses into 
the device are registered and can be 
changed for the next access in the 
burst sequence. 

When the MC68030 performs a 
two-clock write cycle, the data and 
address sent to the RAMs are simul- 
taneously valid for only a half clock 
period. For clock frequencies over 25 
MHz, this time isn’t adequate to com- 
plete a write cycle in typical fast stat- 
ic RAMs. In that case, it’s necessary 
to insert a wait state. □ 


Richard Crisp led the design team 
for the Motorola cache-tag compar- 
ators. He has helped design several 
microprocessors , including the 
MC69000, MC658020, and the Intel 
P7CP. Crisp , who holds a BS from 
Texas A&M University , has four 
U.S. patents. 

Brian Branson received a BS 
from Colorado State University. 
At Motorola, he designs applica- 
tion-specific static and dynamic 
RAMs. He has one patent pending. 

Ron Hanson holds a BS from 
Rose-Hulman Institute of Technol- 
ogy and an MBA from Indiana 
University, in Bloomington. Han- 
son is a product marketing engi- 
neer for fast static RAMs at Motor- 
ola. 


■ 3. AN MCM6295 SYNCHRONOUS SRAM, a cache-data RAM with one 74F191 

counter, readily supports single-cycle bursts. 


A THREE-CYCLE BURST READ 


*2-15 


*2-3/ 


SRAMCLK - 


Counter 

(74F191)! 


CAj 


*4-15 


4 


SRAM 

(MCM6295) 


SYSCLK 

*0-31 


itial cycle - 


— 30 ns 

SI / SW f y SW / S2 


Burst 

cycle 


16 ns 


C*2-3 _ 

SRAMCLK 

Do-3i 




5 ns, minimum 


K3 


-3 ns, min. 


-25 ns- 


SB f 


DC 


♦H O ns, mini mum 

/“A r 

zzxz 
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Tape and Reel Data for Surface Mount Devices 11-24 
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MECHANICAL DATA 


Package availability and ordering information are given on the individual data sheets. 


18-LEAD PACKAGE 



F — H 


300 MIL PLASTIC 
CASE 707A-01 


r l - 


„w 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

21.85 

22.35 

0.860 

0.880 

B 

7.12 

7.49 

0.280 

0.295 

C 

3.56 

4.57 

0.140 

0.180 

D 

0.36 

0.55 

0.014 

0.022 

F 

1.27 

1.77 

0.050 

0.070 

G 

2.54 BSC 

0.100 

BSC 

J 

0.21 

0.30 

0.008 

0.012 

K 

2.93 

3.42 

0.115 

0.135 

L 

7.62 BSC 

0.300 

' BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.01 

0.020 

0.040 



0.25 (0.010) © T A © 


18 PL 


J | -f 1 0-25 (0.010) © | T | B © 
18 PI 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "L" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 


20-LEAD PACKAGES 



300 MIL PLASTIC 
CASE 738-03 


r L -i 



-J 

y 

JU-J 20 PL 


+ | 0.25(0.010)® | T | B® | 


DIM 

MILLIIV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

25.66 

27.17 

1.010 

1.070 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.81 

4.57 

0.150 

0.180 

D 

0.39 

0.55 

0.015 

0.022 

E 

1.27 BSC 

0.050 BSC 

F 

1.27 1 1.77 

0.050 1 0.070 

G 

2.54 BSC 

0.100 BSC 

J 

0.21 

0.38 

0.008 

0.015 

K 

2.80 

3.55 

0.110 

0.140 

L 

7.62 BSC 

0.300 BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "L" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 
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®H * 

f 

'-M 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION "H" TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSIONS "A", "B", AND "S" DO NOT 
INCLUDE MOLD PROTRUSION. 

5. MOLD FLASH OR PROTRUSION SHALL NOT 
EXCEED 0.25 (0.010). 
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22-LEAD PACKAGE 


ri» n it n ii n it n i i n ii n if n ir n i« n if r l 

12| T 

B 

i° i, 1 

LivvvOvviuJyyij 


300 MIL PLASTIC 
CASE 736A-01 


A » 

► 

i _ 

N i 


mm- 

M / 

iYiiYYj 

iYYYfo 

t K 


U-F -*^|**-D SEATING t 1 




DIM 

MILUN 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

25.65 

27.17 

1.010 

1.070 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.74 

4.57 

0.155 

0.180 

D 

0.38 

0.55 

0.015 

0.022 

F 

1.27 

1.77 

0.050 

0.070 

G 

2.54 BSC 

0.100 BSC 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.79 

3.55 

0.110 

0.140 

L 

7.62 BSC 

0.300 

BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. DIMENSION A IS A DATUM. T IS BOTH A DATUM 
AND A SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR D DIMENSION; 

22 PL: 

1+1 0.25 (0.010) (jjj) 1 -T- 1 A (jj) 1 

3. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSIONING AND TOLERANCING PER 
Y14.5 M, 1982. 

5. CONTROLLING DIMENSION: INCH. 


m 

22 12 
) 

^ V I W krl V U ' 


EE) 

T 


PLASTIC 
CASE 736B-01 



H L h 


1=1 


J 22 PL — 


— M W 


14-1 0.25 (0.010) (M) 1 t| b (D 1 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

26.92 

27.17 

1.060 

1.070 

B 

7.12 

7.62 

0.280 

0.300 

C 

3.81 

4.57 

0.150 

0.180 

D 

0.39 

0.53 

0.015 

0.021 

F 

1.15 

1.39 

0.045 

0.055 

G 

2.54 BSC 

0.100 BSC 

J 

0.21 

0.30 

0.008 

0.012 

K 

3.18 

3.42 

0.125 

0.135 

L 

7.62 BSC _ 

0.300 BSC „ 

M 

0 

15 

0 

15 

N 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION A AND B DOES NOT INCLUDE MOLD 
FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 


MOTOROLA MEMORY DATA 


11-5 





24-LEAD PACKAGES 


11 



DIM 

MILLIIV 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

31.25 

32.13 

1.230 

1.265 

B 

6.35 

6.85 

0.250 

0.270 

C 

3.69 

4.44 

0.145 

0.175 

D 

0.38 

0.51 

0.015 

0.020 

E 

1.27 BSC 

0.050 

BSC 

F 

1.02 1 1.52 

0.040 

1 0.060 

G 

2.54 BSC 

0.100 

i BSC 

J 

0.18 

0.30 

0.007 

0.012 

K 

2.80 

3.55 

0.110 

0.140 

L 

7.62 BSC 

0.300 

BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. CHAMFERRED CONTOUR OPTIONAL 

2. DIM "L" TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIMENSIONS AND TOLERANCES PER ANSI 
Y14.5M, 1982. 

4. CONTROLLING DIMENSION: INCH. 




300 MIL PLASTIC 
CASE 724A-01 


24 

13 

) 


1 

12 


GE) 

1 



DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

29.47 

29.71 

1.160 

1.170 

B 

7.12 

7.62 

0.280 

0.300 

C 

3.81 

4.57 

0.150 

0.180 

D 

0.39 

0.53 

0.015 

0.021 

E 

1.27 BSC 

0.050 

BSC 

F 

1.15 1 1.39 

0.045 

1 0.055 

G 

2.54 BSC 

0.100 BSC 

J 

0.21 

0.30 

0.008 

0.012 

K 

3.18 

3.42 

0.125 

0.135 

L 

7.62 BSC 

0.300 BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION A AND B DOES NOT INCLUDE MOLD 
FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 
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24-LEAD PACKAGES (Continued) 


300 MIL SOJ 
CASE 810A-Q2 


— H h— F 




MILLIMETERS 

INC 

HES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

15.75 

16.00 

0.620 

0.630 

B 

7.50 

7.74 

0.295 

0.305 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.39 

0.50 

0.015 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

6 

1.27 

BSC 

0.050 BSC 

H 

— 

0.50 

— 

0.020 

K 

0.89 

1.14 

0.035 

0.045 

L 

0.64 BSC 

0.025 

BSC 

M 

0° 

5° 

0° 

5° 

N 

0.76 

1.14 

0.030 

0.045 

P 

8.51 

8.76 

0.335 

0.345 

R 

6.61 

7.11 

0.260 

0.280 

S 

0.77 

1.01 

0.030 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. DIMENSION "A" AND "B" DO NOT INCLUDE 
MOLD PROTRUSION. MOLD PROTRUSION SHALL 
NOT EXCEED 0.15 (0.006) PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 

4. DIM "R" TO BE DETERMINED AT DATUM -T-. 

5. 810A-01 IS OBSOLETE, NEW STANDARD 
810A-02 


MOTOROLA MEMORY DATA 
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20 / 26 -LEAD PACKAGES 


300 MIL SOJ 
CASE 822-03 



^ir F 


H] 


DETAIL Z 


f-J U-D 20 PL 

14^0.18(0.007) <g> | T | Ad) 1 


1 - 4-1 0.18 (0.007) ® 1 T 1 B 0 1 



DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

17.02 

17.27 

0.670 

0.680 

B 

7.50 

7.74 

0.295 

0.305 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.39 

0.50 

0.015 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

G 

1.27 

BSC 

0.05C 

BSC 

H 

_ 

0.50 

— 

0.020 

K 

0.89 

1.14 

0.035 

0.045 

L 

2.54 BSC 

0.10C 

i BSC 

M 

0° 

10° 

0° 

10° 

N 

0.89 

1.14 

0.035 

0.045 

P 

8.39 

8.63 

0.330 

0.340 

R 

6.61 

6.98 

0.260 

0.275 

s 

0.77 

1.01 

0.030 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

4. DIM R TO BE DETERMINED AT DATUM -T-. 

5. FOR LEAD IDENTIFICATION PURPOSES, PIN 
POSITIONS 6, 7, 8, 19, 20, & 21 ARE NOT USED. 
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20/26-LEAD PACKAGES (Continued) 


360 MIL SOJ 
CASE 822A-01 



I I 

to 



1-4*1 0.18 (0.007) ® 

1 T | 8©| 

7®1 

DETAIL Z 



1 — D 20PL 



4-1 0.18 (0.007) ® 

M B©| 

A® 

h* — p — 


1-4-1 0.18 (0.007) © I T I A © | B © 


U 


± 




-S RAD 


|-fl 0.25 (0.010) © 1 T | Ad> 1 B CD [ 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

17.02 

17.27 

0.670 

0.680 

B 

8.77 

9.01 

0.345 

0.355 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.41 

0.50 

0.016 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

G 

1.27 BSC 

0.050 BSC 

K 

0.64 

— 

0.025 

- 

L 

2.54 

BSC 

0.100 BSC 

N 

0.89 

1.14 

0.035 

0.045 

P 

9.66 

9.90 

0.380 

0.390 

R 

7.88 

8.25 

0.310 

0.325 

S 

0.77 

1.01 

0.030 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

4. DIMENSION A & B INCLUDE MOLD MISMATCH 
AND ARE DETERMINED AT THE PARTING LINE. 

5. DIM R TO BE DETERMINED AT DATUM -T-. 

6. FOR LEAD IDENTIFICATION PURPOSES, PIN 
POSITIONS 6, 7, 8, 19, 20, & 21 ARE NOT USED. 


MOTOROLA MEMORY DATA 
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28-LEAD PACKAGES 



DIM 

MILUM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

36.45 

37.21 

1.435 

1.465 

B 

13.72 

14.22 

0.540 

0.560 

C 

3.94 

5.08 

0.155 

0.200 

D 

0.36 

0.56 

0.014 

0.022 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54 BSC 

0.100 

i BSC 

H 

1.65 

2.16 

0.065 

0.085 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.92 

3.43 

0.115 

0.135 

L 

15.24 

BSC 

0.600 BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.02 

0.020 

0.040 


NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 
WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 
AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 


300 MIL PLASTIC 
CASE 710A-01 


(- S -I 

r -1 r^S j-'-S r / "S r r S r r '-i r- rv ! r r S H-S r J ~ L i r / "S r'"S r /- S 1 -n 


28 15 

) 

1 14 

TP* — cr? xcj- -ery^cTF trp lj u kj l/ 

~T 

S 



DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

34.17 

34.29 

1.345 

1.350 

B 

6.86 

7.36 

0.270 

0.290 

C 

_ 

4.31 

— 

0.170 

D 

0.41 

0.50 

0.016 

0.020 

E 

1.27 BSC 

0.050 

BSC 

F 

1.15 I 1.39 

0.045 

f 0.055 

G 

2.54 BSC 

0.100 

i BSC 

J 

0.21 

0.30 

0.008 

0.012 

K 

3.18 

3.42 

0.125 

0.135 

L 

7.62 BSC 

0.30C 

1 BSC 

M 

0° 

15° 

0° 

15° 

N 

0.39 

- 

0.015 

- 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 


MOTOROLA MEMORY DATA 
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28-LEAD PACKAGES (Continued) 


EaD 


300 MIL PLASTIC 
CASE 710B-01 



DIM 

MILUIV 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

34.55 

34.79 

1.360 

1.370 

B 

7.12 

7.62 

0.280 

0.300 

C 

3.81 

4.57 

0.150 

0.180 

D 

0.39 

0.53 

0.015 

0.021 

E 

1.27 BSC 

0.050 BSC 

F 

1.15 1 1.39 

0.045 1 0.055 

G 

2.54 BSC 

0.100 BSC 

J 

0.21 

0.30 

0.008 

0.012 

K 

3.18 

3.42 

0.125 

0.135 

L 

7.62 BSC 

0.300 BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.01 

0.020 

0.040 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL 

4. DIMENSION A AND B DOES NOT INCLUDE MOLD 
FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 


300 MIL SOG 
CASE 751H-Q2 



DIM 

MILUIV 

IETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

17.70 

18.50 

0.697 

0.728 

B 

8.23 

8.90 

0.324 

0.350 

C 

2.04 

2.50 

0.080 

0.098 

D 

0.35 

0.50 

0.014 

0.020 

G 

1.27 

BSC 

0.050 

1 BSC 

J 

0.14 

0.25 

0.0060 

0.0098 

K 

0.40 

1.27 

0.016 

0.050 

L 

0.05 

0.20 

0.002 

0.008 

M 

0° 

8° 

0° 

8° 

S 

11.50 

12.10 

0.453 

1 0.476 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIM: MILLIMETER. 

3. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) PER 
SIDE. 


MOTOROLA MEMORY DATA 
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28-LEAD PACKAGES (Continued) 






NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15(0.006} PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 

4. DIM R TO BE DETERMINED AT DATUM -T-. 






28-LEAD PACKAGES (Continued) 


300 MIL SOJ 
CASE 810B-03 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.29 

18.54 

0.720 

0.730 

B 

7.50 

7.74 

0.295 

0.305 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.39 

0.50 

0.015 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

G 

1.27 

BSC 

0.050 BSC 

H 

— 

0.50 

— 

0.020 

K 

0.89 i 

1.14 

0.035 

0.045 

L 

0.64 BSC 

0.025 

BSC 

M 

0° 

10° 

0° 

10° 

N 

0.76 

1.14 

0.030 

0.045 

P 

8.38 

8.64 

0.330 

0.340 

R 

6.60 

6.86 

0.260 

0.270 

S 

0.77 

1.01 

0.030 

0.040 


— H I h — F 


DETAIL Z 


D 24 PL 


i| 0.18(0.007) ®|t|a® | 

h- 

© 

1 

o 

-4*- 

B CD 1 


r - ®-* 

— J-l 


m 

O 

T T 

UJ 

v 1 T 

\-SRAD 


\j\ 0.25(0.010) (§> | T 1 B©[ 


NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

3. CONTROLLING DIMENSION: INCH. 

4. DIM R TO BE DETERMINED AT DATUM -T-. 


30-LEAD PACKAGES 



300 MIL PLASTIC 
CASE 852-01 


[ 3ET 


u 


3 ^[ 


- D30PL 

1 4-| 0.25 (0.010) ® | T | X CD | Y CD I 

L * 


J 30 PL ~ 


1-0-1 0.25 (0.010) (B) I T | x(D I Y <D I 


PH 

MILLIMETERS 

INCHES 

B T 'IM 


M r \JM 

MHU 


gnra 

Ega 

E mm 


B 

— 

cm 

— 


MM 

— 


— 

EMI 

o 

mem 



Ejgj 

0 

■EE£E£9i 

■MEM 

MM 

M EB 



EEH1 

mm 

- 



Hi 

L 

B1M 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 


MOTOROLA MEMORY DATA 
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32-LEAD PACKAGES (Continued) 


300 MIL SOJ 
CASE 857-02 


1 

O 16 

uuauuuuuuuuuuuuu ' 






— U UjUjUUU^ 

L_ if 


h — F 32 PL 

lil 0.17(0.007) (D | A (D~l 

NOTE 4 


T DETAIL Z 

I J U D 32 PL NOTES 

\j\ 0.17(0.007) © | A© 1 


H7 


\j\ 0.17(0.007) (S)]b© 

IKjEH 


I -X- I NOTE 3 


^1 0.10 (0.004) I 


a 


. . , \ tT 

1 -T- { SEATING PUNE h— R— H N '- S RADIUS 

[•fl 0.25(0.010) © 1 b© 1 NOTE 5 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.83 

21.08 

0.820 

0.830 

B 

7.50 

7.74 

0.295 

0.305 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.41 

0.50 

0.016 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

G 

1.27 BSC 

0.050 BSC 

K 

0.89 

1.14 

0.035 

0.045 

L 

0.64 BSC 

0.025 BSC 

N 

0.76 

1.14 

0.030 

0.045 

P 

8.38 

8.64 

0.330 

0.340 

R 

6.60 

6.86 

0.260 

0.270 

S 

0.77 

1.01 

0.030 

0.040 


NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DATUM PLANE -X- LOCATED AT TOP OF MOLD 
PARTING LINE AND COINCIDENT WITH TOP OF 
LEAD, WHERE LEAD EXITS BODY. 

4. TO BE DETERMINED AT PLANE -X-. 

5. TO BE DETERMINED AT PLANE -T-. 

6. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 


400 MIL SOJ 
CASE 857A-02 


nnnnnnnnnnnnnnnn 


r u on u ' c r u uau ' BTj ua u it 


— F 32 pl 

[-0-1 0-17 (0.007) (p |T[ B(D 


HJ 


32 PL 

[•0~[ 0.17 (0.007) (D 1 T | B (D 1 AW] NQTE3 




(-0-1 0.25 (0.010) (D | T | A© 1 B© 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.83 

21.08 

0.820 

0.830 

B 

10.03 

10.29 

0.395 

0.405 

C 

3.26 

3.75 

0.128 

0.148 

D 

0.41 

0.50 

0.016 

0.020 

E 

2.24 

2.48 

0.088 

0.098 

F 

0.67 

0.81 

0.026 

0.032 

G 

1.27 BSC 

0.050 BSC 

K 

0.89 

1.14 

0.035 | 0.045 

L 

0.64 

BSC 

0.025 BSC 

N 

0.76 

1.14 

0.030 

0.045 

P 

11.05 

11.30 

0.435 

0.445 

R 

9.27 

9.52 

0.365 

0.375 

S 

0.77 

1.01 

0.030 

0.040 


NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. TO BE DETERMINED AT PLANE -T-. 

4. DIMENSION A & B DO NOT INCLUDE MOLD 
PROTRUSION. MOLD PROTRUSION SHALL NOT 
EXCEED 0.15 (0.006) PER SIDE. 

5. DIMENSION A & B INCLUDE MOLD MISMATCH AND 
ARE DETERMINED AT THE PARTING LINE. 

6. 857A-01 IS OBSOLETE, NEW STANDARD 857A-02. 
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44-LEAD PACKAGE 


PLASTIC CHIP CARRIER 
CASE 777-02 


YBRK 



" B 1 4-1 0-18 (0-007)® 1 t[ Nd>-PCDl LCD-MCDI 

-U 1+1 0.18 (0.007) ® | T | N®-P®[ L®-M®[ 



NOTE 1 



A [+1 0.18 (0.007) ® 1 T 1 L®-M®[ N (D-P CD 1 VIEW D-D 


R 1+1 0,18 (0.007) ® 1 T 1 L®-M®[ N®-P®| 

i 


1 — G1 

1+1 0.25 (0.010) ® 1 T 1 N ®-P® | iCD-M ®[ 


K1 


f 


(NOTE 1) 


=>1 0.10 (0.004) 1 

-T- 1 SEATING PLANE 

DETAIL S 


1+1 0.25 (0.010)® 1 T 1 L®-M®[ N®-P®| 


-t 


T 

0.18(0.007)® 

T 

L®-M® 

N®-P® 

□ 

0.18(0.007)® 

B 

N ®-P® 

L®-M® 


L. 


DETAIL S 


4- 

0.18(0.007) ® 

T 

L®-M® 

N ®- P® 

s 

0.18(0.007) ® 


N ®-P® 

L®-M® 



DIM 

MILUN 

IETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

17.40 

17.65 

0.685 

0.695 

B 

17.40 

17.65 

0.685 

0.695 

C 

4.20 

4.57 

0.165 

0.180 

E 

2.29 

2.79 

0.090 

0.110 

F 

0.33 

0.48 

0.013 

0.019 

6 

1.27 

BSC 

0.050 

BSC 

H 

0.66 

0.81 

0.026 

0.032 

J 

0.51 

— 

0.020 

— 

K 

0.64 

_ 

0.025 

_ 

R 

16.51 

16.66 

0.650 

0.656 

U 

16.51 

16.66 

0.650 

0.656 

V 

1.07 

1.21 

0.042 

0.048 

W 

1.07 

1.21 

0.042 

0.048 

X 

1.07 

1.42 

0.042 

0.056 

Y 

— 

0.50 

— 

0.020 

Z 

2° 

10° 

2° 

10° 

61 

15.50 

16.00 

0.610 

0.630 

K1 

1.02 

— 

0.040 

— 

Z1 

2° 

10° 

2° 

10° 


NOTES: 

1. DUE TO SPACE LIMITATION, CASE 
777-02 SHALL BE REPRESENTED BY A 
GENERAL (SMALLER) CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 44 LEADS. 

2. DATUMS -L-, -M-, -N-, AND -P- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

3. DIM G1, TRUE POSITION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

4. DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

6. CONTROLLING DIMENSION: INCH. 
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52-LEAD PACKAGE 


PLASTIC CHIP CARRIER 
CASE 778-02 



(NOTE 1) 52 - 




0.18(0.007) (M) 


n i!TQfIollfl5g?f® | 



BOB 





0.18(0.007) (g) 


0.18(0.007) (M) 


lB ^I©M©II!l0f3[©] | 

BnoSElIEEEl 




1 -T- | SEATING PUNE 


j| 0.18(0.007) ® 
>| 0.18(0.007) ® 


n^ytef^oliHuSTtull 


0.25(0.010) CD 


beeeeie^e 


■rh^hb| 

I ii MWMMwm wmm m*vsm 
■F'SBHBKEilHSSifiEEl 

Pmmiwiiimiiwih 

I IBM H B (:It!lB BEEB Millri BH3EB3I I 

IggiBgglMMljjjBlMgM 


NOTES: 

1. DUE TO SPACE LIMITATION, CASE 778-02 SHALL BE 
REPRESENTED BY A GENERAL (SMALLER) CASE 
OUTLINE DRAWING RATHER THAN SHOWING ALL 52 
LEADS. 

2. DATUMS -L-, -M-, -N-, AND -P- DETERMINED WHERE TOP 
OF LEAD SHOULDER EXIT PLASTIC BODY AT MOLD 
PARTING LINE. 

3. DIM G1 , TRUE POSITION TO BE MEASURED AT DATUM -T-, 
SEATING PLANE. 

4. DIM R AND U DO NOT INCLUDE MOLD PROTRUSION. 
ALLOWABLE MOLD PROTRUSION IS 0.25 (0.010) PER SIDE. 

5. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 
1982. 

6. CONTROLLING DIMENSION: INCH. 


11 















30-LEAD MODULES 


COMPONENT AREA 


CASE 839-01 




1 


MILLIMETERS INCHES 
DIM MIN W MIN |~M 

A 88.78 89.02 3.495 3j 

B 20.20 20.44 0.795 O.i 

C - 5.28 - 0.2 

D 1.66 1.90 0.065 0.C 

E 1.20 1.34 0.047 0.C 

F 1 15 1.39 0.045 0.C 

G 2.54 BSC 0.100 BSC 







11 



DETAIL X 

60 PL 

Lh 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. TABS TO BE ELECTRICALLY CONNECTED BOTH 
SIDES OF CARD. 

4. DIMENSION E INCLUDES PLATING AND/OR 
METALLIZATION. 

5. CONTACT ZONE MUST BE FREE OF HOLES. 


imul 
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VIEWA-A 


H 


NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982 

2. CONTROLLING DIMENSION: INCH. 





72-LEAD MODULES 


CASE 866-02 



A P-i ! 


1L J 4 



Q 2 PL 

lil 0.15 (0.006) (M) 1 T 1 X © 1 7] 

COMPONENT AREA 


-T- 


1 ZZ7 | 0.08 (0.003) 


- D 72 PL 

\j 1 0.10(0.004) (D 1 T jx (D I V\ 


fin 


u 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

107.82 

108.08 

4.245 

4.255 

B 

25.27 

25.53 

0.995 


C 

_ 

9.14 

— 

0.360 

D 

L 1.02 

1.07 

0.040 

EEEli 

F 

3.18 BSC 

0.125 BSC 

G 

1.27 BSC 

0.050 BSC 

mm 

— 

■EE1 


*M»M 

n 

1.19 

1.37 

n 

0.054 

K 

■EE1 

— 

EXES 

— 

L 

44.45 REF 

KE3335BI 

M 

1.90 

2.16 

EtBflllEjll 

N 

mmmm 


P 

3.18 


0.125 

— 

Q 

3.12 

3.22 

0.123 

0.127 

R 

6.22 

6.48 

0.245 

0.255 

S 

5.72 

— 

0.225 

— 

U 

101.19 BSC 

3.984 BSC 

V 

— 

5.28 

_> 

0.208 

W 

1.12 

— 

0.044 

— 

X 

1.52 

1.63 

0.060 

0.064 


NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. CARD THICKNESS APPLIES ACROSS TABS AND 
INCLUDES PLATING AND/OR METALIZATION. 


CASE 866A-Q2 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

107.82 

108.08 

4.245 

4.255 

B 

30.48 

33.02 

1.200 

1.300 

C 

— 

9.14 

_ 

0.360 

D 

1.02 

1.07 

0.040 

0.042 

F 

3.18 BSC 

0.125 BSC 

G 

1.27 BSC 

0.050 BSC 

H 

_ 

0.25 

_ 

0.010 

J 

1.19 

1.37 

0.047 

0.054 

K 

0.25 

— 

0.100 

_ 

L 

44.45 REF 

1.750 REF 

M 

1.90 

2.16 

0.075 I 0.085 

N 

10.16 BSC 

0.400 BSC 

P 

3.18 

— 

0.125 

_ 

Q 

3.12 

3.22 

0.123 

0.127 

R 

6.22 

6.48 

0.245 

0.255 

S 

5.72 


0.225 

— 

U 

101.19 BSC 

3.984 BSC 

V 

— 

5.28 

— 

0.208 

W 

1.12 

— 

0.044 

— 

X 

1.52 

1.63 

0.060 

0.064 


NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. CARD THICKNESS APPLIES ACROSS TABS AND 
INCLUDES PLATING AND/OR METALIZATION. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 


Embossed Tape and Reel 

Embossed Tape and Reel is used to facilitate automatic pick and place equipment 
feed requirements. The tape is used as the shipping container for various products and 
requires a minimum of handling. The antistatic/conductive tape provides a secure cav- 
ity for the product when sealed with the “peel-back” cover tape. 

• 13-Inch Reel 

• Used For Automatic Pick and Place Feed Systems 

• Minimizes Product Handling 

• EIA-481 

• SOJ: 24, 20/26, 24/26, 28, 32 

• SOIC: 28, 32 

• PLCC: 44, 52 

Ordering Information 

Use the standard device title and add the required suffix R2. Note the minimum lot 
size is one full reel for each line item, and orders are required to be in increments of 
the single reel quantity. 


o 

o 

o 

o 

o 

o 

o 

o 

o 

vl 

5000000 0/ 

7 * 

Q 

u 

• 

U 


■J 

u 

u 

u 

Q 

B 

n 

T F 

c : 

c : 

E 

i 

n 

n 

n 

n 

□ 

P 


DIRECTION OF FEED 


Package 

Lead 

Count 

Package 

Width 

(mils) 

Tape 

Width 

(mm) 

Reel 

Size 

Devices 

Per 

Reel 

Minimum 

Lot 

Size 

Tape and 
Reel 
Suffix 

SOJ 

24 

300 

24 

13” 

1000 

1000 

R2 

20/26 

300 

24 

Kfl 

1000 

1000 

R2 

20/26 

350 

24 

kb 



R2 

24/26 

300 

24 

KB 

1000 

kb 

R2 

28 

300 

24 


IBB 

kb 

R2 

28 

400 

24 


kb 

B0SB 

R2 

32 

300 

32 

13” 

1000 

1 

R2 

32 

400 

32 



1000 

R2 

SOIC (Gull Wing) 

28 

350 

24 

13” 


1000 

R2 

32 

450 

32 

Wt M 


1000 

R2 

PLCC 

44 

650/656 

32 

13” 

500 

500 



750/756 

32 

13" 

450 

450 



Tape and Reel 
Data for 
MOS Memory 
Surface Mount 
Devices 


PACKAGES 

SOJ: 24,20/26,24/26,28,32 

SOIC: 28, 32 
PLCC: 44,52 
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TAPE AND REEL DATA 


CARRIER TAPE SPECIFICATIONS 



CONCENTRIC AROUND B 0 


Dl 

FOR COMPONENTS 
2.0 mm x 1 .2 mm 


AND LARGER 



RMIN. 

TAPE AND COMPONENTS 
SHALL PASS AROUND RADIUS “R” 
WITHOUT DAMAGE 





ALLOWABLE CAMBER TO BE 1 mm/100 mm NONACCUMULATIVE OVER 250 mm 


DIMENSIONS 


Tape 

Size 

B 1 Max 

D 

Dl 

E 

F 

K 

P 

Po 

P2 

R Min 

t Max 

W 

24 mm 

19.4 mm 
(0.764”) 

1. 5+0.1 mm 
-0.0 

(0.059+0.004” 

-0.0) 

2.0 mm 
Min 

(0.079”) 

1.75 

±0.1 mm 
(0.069 
±0.004") 

11.5 

±0.1 mm 
(0.453 
±0.004”) 

4.0 mm 
(0.157”) 

12.0-16.0 
±0.10 mm 
(0.472-0.630 
±0.004”) 

4.0 

±0.1 mm 
(0.156 
±0.004”) 

2.0 

±0.05 mm 
(0.079 
±0.002”) 

50 mm 
(1.968”) 

0.400 mm 
(0.016”) 

24 

±0.2 mm 
(0.945 
±0.008”) 

32 mm 

23.0 mm 
(0.906”) 

1. 5+0.1 mm 
-0.0 

(0.059+0.004" 

-0.0) 

2.0 mm 
Min 

(0.079”) 

1.75 

±0.1 mm 
(0.069 
±0.004”) 

14.2 

±0.1 mm 
(0.559 
±0.004”) 

10.0 mm 
(0.394”) 

16.0-24.0 
±0.10 mm 
(0.630-0.945 
±0.004”) 

4.0 

±0.1 mm 
(0.156 
±0.004”) 

2.0 

±0.05 mm 
(0.079 
±0.002”) 

50 mm 
(1.968”) 

0.500 mm 
(0.020”) 

32 

±0.3 mm 
(1.26 
±0.012”) 


Metric Dimensions Govern-English are in parentheses for reference only. 

NOTE 1 : Aq, Bq, and Kq are determined by compnent size. The clearance between the components and the cavity must be within 0.05 mm 
mm to 0.50 mm max. The component cannot rotate more than 10° within the determined cavity 
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TAPE AND REEL DATA 



CAVITY 

TAPE 


REEL DIMENSIONS 

Metric Dimensions Govern-English are in Parentheses for Reference only. 



Size 

A Max 

G 

t Max 

24 mm 

330 mm 
(12.992”) 

24.400 mm, +2.0 mm, -0.0 
(0.961”, +0.079”, -0.00) 

30.4 mm 
(1.197”) 

32 mm 

330 mm 
(12.992”) 

32.4 mm, +2.0 mm, -0.0 
(1.276”, +0.079”, -0.00) 

38.4 mm 
(1.51”) 


TAPE ENDS 




TOP TAPE 



(19.7” MIN) (19.7" MIN) 


DIRECTION OF FEED 


MOTOROLA MEMORY DATA 




Selector Guide and Cross Reference 

CMOS Dynamic RAMs 
DRAM Modules 
General MOS Static RAMs 
CMOS Fast Static RAMs 
CMOS Fast Static RAM Modules 
Application Specific MOS Static RAMs 

Military Products 
Reliability Information 
Applications Information 
Mechanical Data 


MOTOROLA MEMORY DATA 
















Selector Guide and Cross Reference 

CMOS Dynamic RAMs 

DRAM Modules 

General MOS Static RAMs 

CMOS Fast Static RAMs 

CMOS Fast Static RAM Modules 

Application Specific MOS Static RAMs 

Military Products 

Reliability Information 

Applications information 

Mechanical Data 

MOTOROLA MEMORY DATA 


1ATX16685-10 PRINTED IN USA 3/92 CUSTOM PRINTING CMTR6693 15,000 Mem MOS YHAAAA 








* 



Literature Distribution Centers: 

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036. 

EUROPE: Motorola Ltd.; European Literature Center; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England. 
JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141 Japan. 

ASIA-PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate, 
Tai Po, N.T., Hong Kong. 
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